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ABSTRACT
The o b j e c t i v e  o f  t h i s  i n v e s t i g a t i o n  w as  t h e  d e v e l o p m e n t  o f  
q u a n t i t a t i v e  c r i t e r i a  b a s e d  on  t h e  e s t i m a t i o n  o f  maximum l e v e l s  o f  
o x y g e n  dem and  a s s o c i a t e d  w i t h  s p e c i f i c  l e v e l s  o f  n u t r i e n t s  i n  a l g a l  
d o m in a te d  s t r e a m s .  1582 i n t e n s i v e  s u rvey  r e c o r d s  were  o b t a i n e d  from th e  
L o u i s i a n a  D ep a r tm en t  o f  E n v i r o n m e n ta l  Q u a l i t y  (LA DEQ). A s u b - s e t  o f  225 
r e c o r d s  w as  d e f i n e d  by  a m in im um  c h l o r o p h y l l  a o f  10.0  u g / 1  and 
i n f l u e n t i a l  o b s e r v a t i o n  a n a l y s i s  t o  r e s t r i c t  t h e  d a t a  t o  s t r e a m s  where 
a l g a l  p r o c e s s e s  were  l i k e l y  t o  be  dom inan t .
N i t r o g e n ,  a s  m e a s u r e d  by t o t a l  K j e l d a h l  n i t r o g e n  (TKN) was  
i d e n t i f i e d  a s  t h e  p r i n c i p l e  n u t r i e n t  o f  c o n c e r n  i n  t h e  p r e d i c t i o n  o f  
a l g a l  a s s o c i a t e d  oxygen demand i n  t h e  s t r e a m s  r e p r e s e n t e d  i n  t h e  d a t a  
s e t s .  A l i n e a r  model  d e s c r i b e s  t h e  r e l a t i o n s h i p  be tw een  TKN and BOD20 i n  
t h e  r e g i o n  b e l o w  6 .0  m g/1  TKN. V a r i a b i l i t y  i n  o b s e r v e d  d a t a  a b o u t  t h e  
m o d e l  l i n e  r e q u i r e d  t h a t  t h e  m o d e l  b e  e x p r e s s e d  i n  a p r o b a b i l i s t i c  
f o r m a t .  The p r o b a b i l i s t i c  m o d e l  r e l a t e s  t h e  r i s k  o f  e x c e e d i n g  a n y  BOD 
s t a n d a r d  f o r  any g iv e n  TKN c o n c e n t r a t i o n  up t o  6.0 mg/1.
I n  o r d e r  t o  e x a m i n e  t h e  g e n e r a l i t y  o f  t h e  d e v e l o p e d  n u t r i e n t  
c r i t e r i a  m o d e l ,  a n  i n d e p e n d e n t  d a t a  s e t  o f  7227 o b s e r v a t i o n s  f ro m  36 
s t a t e s  was o b t a i n e d  f rom t h e  STORET d a t a b a s e  f o r  c o m p a r i s o n  p u r p o s e s .  A 
s i m i l a r  p r o c e s s  a s  f o r  t h e  LA DEQ d a t a  was u sed  t o  d e f i n e  a co m p ar i so n  
d a t a  s u b - s e t  o f  199 o b s e r v a t i o n s  where a l g a l  p r o c e s s e s  w ere  l i k e l y  t o  be 
d o m i n a n t .  Of t h e  5 s t a t e s  w e l l  r e p r e s e n t e d  i n  t h e  STORET s u b s e t ,  Oh io  
and  a "No S t a t e  R e p o r t e d "  g r o u p  show ed  no  s i g n i f i c a n t  d i f f e r e n c e  f r o m
vii
t h e  LA DEQ m o d e l ,  w h i l e  D e l a w a r e ,  P e n n s y l v a n i a  a n d  M i n n e s o t a  s h o w e d  
s i g n i f i c a n t l y  d i f f e r e n t  u n i t  BOD t o  TKN v a l u e s  i n  t h e  r a n g e  o f  4 . 7  t o  
8 . 4 .  T h e r e  w as  i n s u f f i c i e n t  d a t a  t o  i d e n t i f y  s o u r c e s  o f  r e g i o n a l  
d i f f e r e n c e s .
The d e v e l o p e d  n u t r i e n t  c r i t e r i a  m o d e l  r e p r e s e n t s  u b i q u i t o u s  
p r o c e s s e s ,  m i n i m i z i n g  r e l i a n c e  on s i t e  s p e c i f i c  p a r a m e t e r  e s t i m a t i o n s ,  
and m a x im i z in g  th e  v a l u e  o f  h i s t o r i c a l  d a t a b a s e s .  A l l  e v i d e n c e  s u g g e s t s  
t h a t  t h e  m o d e l  i s  g e n e r a l  a n d  w i l l  n o t  c h a n g e  s u b s t a n t i a l l y  a s  
a d d i t i o n a l  v e r i f i c a t i o n  d a t a  becomes a v a i l a b l e .
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CHAPTER I  
INTRODUCTION
"Management o f  t h e  e n v i ro n m e n t  i n  g e n e r a l  c o n s i s t s  p r i n c i p a l l y  o f  
p r o t e c t i n g  i t  f rom c e r t a i n  k i n d s  o f  i n s u l t s  r a t h e r  t h a n  k ee p in g  
i t  i n  a p a r t i c u l a r  c o n d i t i o n "  John  C a i r n s ,  1983
Water  q u a l i t y  s t a n d a r d s  r e f l e c t  t h e  d e s i g n a t e d  u s e s  o f  s t a t e  w a t e r s  
and th e  c r i t e r i a  n e c e s s a r y  t o  p r o t e c t  t h o s e  u s e s .  N u t r i e n t  c r i t e r i a  a r e  
b a s e d  o n  p r o t e c t i n g  w a t e r s  f r o m  t h e  d e l e t e r i o u s  e f f e c t s  o f  
e u t r o p h i c a t i o n .  A m a j o r  a d v e r s e  c o n s e q u e n c e  o f  e u t r o p h i c a t i o n  upon  
f l o w i n g  w a t e r s  i n  t h e  S t a t e  o f  L o u i s i a n a  i s  oxygen d e p l e t i o n  r e s u l t i n g  
f rom e x c e s s i v e  a l g a l  r e s p i r a t i o n  and decay  p r o c e s s e s .
At t h e  p r e s e n t  t i m e ,  t h e  c r i t e r i a  f o r  n u t r i e n t s  i n  t h e  S t a t e  o f  
L o u i s i a n a  c o n s i s t s  o f  t h e  s t i p u l a t i o n  t h a t  t h e  " n a t u r a l l y  o c c u r r i n g  
n i t r o g e n  t o  p h o spho rus  r a t i o "  s h a l l  be m a i n t a i n e d ,  w i t h o u t  any s p e c i f i c  
r e g a r d  t o  c o n c e n t r a t i o n  (LADEQ, 1985). A n i t r o g e n  t o  phosphorus  r a t i o  o f  
10:1  i s  w i d e l y  a c c e p t e d  a s  b e i n g  t h e  b o u n d a r y  f o r  a l g a l  g r o w t h  
l i m i t a t i o n  by  e i t h e r  n u t r i e n t  (Ram and  A u s t i n ,  1983;  F o r s b e r g ,  1977 ;  
F o r s b e r g  and  R y d i n g ,  1 980 )  and  i s  u s e d  by t h e  S t a t e  a s  a g u i d e .  B e low  
10:1  n i t r o g e n  c o n c e n t r a t i o n s  a r e  a s s u m e d  t o  b e  t h e  p r i n c i p l e  f a c t o r  
l i m i t i n g  t o  g r o w t h ,  w h i l e  a b o v e  10:1  p h o s p h o r u s  i s  s u g g e s t e d  a s  t h e  
l i m i t i n g  n u t r i e n t .  H o w e v e r ,  w i t h o u t  some r e f e r e n c e  t o  maximum 
c o n c e n t r a t i o n s ,  a n y  l e v e l  o f  n u t r i e n t  e n r i c h m e n t  s a t i s f i e s  t h e  
c r i t e r i o n ,  a s  l o n g  a s  t h e  p r o p o r t i o n  i s  1 0 : 1 .  W h i l e  t h e  r e g u l a t i o n s  
s t a t e  t h a t " D e t a i l e d  s t u d i e s  o f  t h e  n a t u r a l l y  o c c u r r i n g  l e v e l s  o f  t h e  
v a r i o u s  m a c r o -  a n d  m i c r o n u t r i e n t s  w i l l  be  u t i l i z e d  . . .  t o  e s t a b l i s h  
n u m e r i c a l  l i m i t s , "  t h e r e  i s  no e s t a b l i s h e d  m e t h o d o l o g y  f o r  e v a l u a t i n g
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d a t a  f rom t h e s e  p roposed  s t u d i e s .
The o b j e c t i v e  o f  t h i s  i n v e s t i g a t i o n  w as  t h e  d e v e l o p m e n t  o f  
q u a n t i t a t i v e  c r i t e r i a  f o r  s e t t i n g  n u t r i e n t  l i m i t s  s u c h  t h a t  a l g a l  
a s s o c i a t e d  o x y g e n  d e p l e t i o n  may be  e f f e c t i v e l y  managed.  A fu n d a m e n ta l  
g o a l  was  t h e  e s t i m a t i o n  o f  e x p e c t e d  maximum l e v e l s  o f  o x y g e n  dem and  
b as ed  upon r e l a t i o n s h i p s  b e tw ee n  c r i t i c a l  n u t r i e n t s  and t h e  a s s o c i a t e d  
o x y g e n  d e m a n d .  The i d e n t i f i c a t i o n  and  d e v e l o p m e n t  o f  t h i s  p r e d i c t i v e  
m o d e l  was  c e n t r a l  t o  t h e  r e s e a r c h .  The p r i n c i p a l  e m p h a s i s  o f  t h i s  
i n v e s t i g a t i o n  was on n u t r i e n t  c r i t e r i a  f o r  L o u i s i a n a  r i v e r s  and s t r e a m s .  
However,  some e f f o r t  was d i r e c t e d  t o w a r d s  t h e  e v a l u a t i o n  o f  t h e  s tu d y  
f i n d i n g s  w i t h  r e g a r d  t o  w a t e r s  o u t s i d e  o f  t h e  s t a t e ,  a s  c r i t e r i a  
d e v e lo p m e n t  i s  a n a t i o n w i d e  c o n ce rn .
CHAPTER II
BACKGROUND INFORMATION
The p u rp o s e  o f  t h i s  c h a p t e r  i s  t o  p r e s e n t  background i n f o r m a t i o n  on 
th e  r e l a t i o n s h i p s  be tw een  n u t r i e n t s ,  a l g a e  and oxygen demand i n  r i v e r i n e  
s y s t e m s .  A b r i e f  summary o f  t h e  c u r r e n t  a p p ro a c h  t o  e s t i m a t i n g  maximum 
a c c e p t a b l e  n u t r i e n t  l e v e l s  i n  c o n j u n c t i o n  w i t h  t h e  w a s t e  lo a d  a l l o c a t i o n  
p r o c e s s  i s  p r e s e n t e d .
NUTRIENT CRITERIA
The r o l e  o f  n u t r i e n t s  i n  t h e  d e f i n i t i o n  o f  w a t e r  q u a l i t y  i s  a 
complex  one.  N u t r i e n t s  a r e  b o t h  i n d i c a t o r s  o f  p o l l u t i o n  and a p r i n c i p l e  
d r i v i n g  f o r c e  b e h i n d  e u t r o p h i c a t i o n  ( P o r c e l l a ,  P e t e r s o n  and  L a r s e n ,  
1982). A lg a l  b io m a s s ,  and t h e  oxygen demand t h a t  may be a s s o c i a t e d  w i t h  
i t  a r e  m a n i f e s t a t i o n s  o f  e u t r o p h i c a t i o n .  N u t r i e n t  o r i e n t e d  
e u t r o p h i c a t i o n  c o n t r o l  i s  b a sed  th e  c o n c e p t  t h a t  t h e  g ro w th  o f  b io m a s s  
w i l l  be c o n t r o l l e d  by t h e  e s s e n t i a l  n u t r i e n t  t h a t  i s  i n  t h e  l e a s t  supp ly  
r e l a t i v e  t o  an o r g a n i s m 's  r e q u i r e m e n t s .  I f  t h e  s o u r c e s  o f  t h i s  c r i t i c a l  
n u t r i e n t  can be i d e n t i f i e d  and m a n i p u l a t e d ,  t h e n  e u t r o p h i c a t i o n ,  and i t s  
i m p a c t s  can be c o n t r o l l e d  t o  a t t a i n  s p e c i f i c  o b j e c t i v e s .
O t h e r  s t a t e s  i n  t h e  r e g i o n  h a v e  b e e n  u n s u c c e s s f u l  i n  d e v e l o p i n g  
n u t r i e n t  c r i t e r i a .  Texas ,  f o r  i n s t a n c e ,  s t a t e s  i n  i t ' s  r e g u l a t i o n s  t h a t  
n u t r i e n t  c r i t e r i a  c a n ' t  b e  e s t a b l i s h e d  due  t o  t h e  l a c k  o f  s c i e n t i f i c  
d a t a  on t h e  s u b j e c t .  C ase  b y  c a s e  s t u d i e s  a r e  t o  be  c o n d u c t e d  i n  o r d e r  
t o  s e t  s p e c i f i c  l i m i t s  w here  n u t r i e n t s  a p p e a r  t o  be a p rob lem .  N e i t h e r  
M i s s i s s i p p i ,  no r  G e o rg ia  have any n u t r i e n t  c r i t e r i a  f o r  s t r e a m s .  F l o r i d a  
h a s  h a d  some r e s e a r c h  c o n d u c t e d  i n  a n  e f f o r t  t o  r e l a t e  n u t r i e n t
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c o n c e n t r a t i o n s  t o  d e s i r a b l e  f i s h  p o p u l a t i o n s  ( K a u t z ,  1 9 8 0 ) ,  b u t  no 
s p e c i f i c  c r i t e r i a  h a v e  b e e n  s e t .  A s e a r c h  o f  t h e  l i t e r a t u r e  f a i l e d  t o  
i d e n t i f y  any s p e c i f i c  m e t h o d o l o g y  f o r  t h e  e s t a b l i s h m e n t  o f  n u m e r i c a l  
n u t r i e n t  c r i t e r i a .  I t  w as  c o n c l u d e d  t h a t  t h e r e  i s  no  p r e c e d e n t  u p o n  
w h i c h  t o  b a s e  t h e  e s t a b l i s h m e n t  o f  n u t r i e n t  c r i t e r i a  i n  t h e  S t a t e  o f  
L o u i s i a n a .
OXYGEN DEPLETION
C r i t i c a l  oxygen d e p l e t i o n  o c c u r s  when th e  oxygen demand e x e r t e d  by 
t h e  b i o l o g i c a l  c o m p o n e n t s  i n  a s t r e a m  e x c e e d s  t h e  a b i l i t y  o f  o x y g e n  
s o u r c e s  t o  keep  d i s s o l v e d  oxygen c o n c e n t r a t i o n s  a t  l e v e l s  s u i t a b l e  f o r  
m a in t e n a n c e  o f  a n o rm a l  b i o t i c  community.  E u t r o p h i c a t i o n  c o n t r i b u t e s  to  
oxygen d e p l e t i o n  when th e  demand e x e r t e d  by a l g a l  r e s p i r a t i o n  and decay  
p r o c e s s e s  e x c e e d s  t h e  r e a e r a t i o n  o f  t h e  w a t e r  by p h o t o s y n t h e s i s  and  
p h y s i c a l  p r o c e s s e s .
Oxygen  d e p l e t i o n  i n  a s t r e a m  i s  g e n e r a l l y  a f u n c t i o n  o f  tw o  
com ponents  o f  b i o l o g i c a l  a c t i v i t y .  These components a r e :
-  A u to ch th o n o u s :  A lg a l  r e s p i r a t i o n  and d e c o m p o s i t i o n
o f  m a t e r i a l  from i n t e r n a l  s o u r c e s
-  A 1 lo c h th o n o u s :  D eco m p o s i t io n  o f  m a t e r i a l  f rom e x t e r n a l  s o u r c e s  
W h i l e  a l l o c h t h o n o u s  d em and  c a n  be  c o n t r o l l e d  t o  a l a r g e  e x t e n t  by 
l i m i t i n g  o r g a n i c  w a s t e  l o a d i n g  t o  t h e  s y s t e m ,  t h e  c o n t r o l l i n g  f a c t o r s  
b e h in d  a l g a l  based  oxygen demand a r e  n o t  so  r e a d i l y  i d e n t i f i a b l e .  Under 
t h e  e u t r o p h i c  c o n d i t i o n s  t h a t  p r e d o m i n a t e  i n  L o u i s i a n a  w a t e r s ,  
a u t o c h th o n o u s  oxygen demand i s  e x p e c t e d  t o  be a s i g n i f i c a n t  component  o f  
t h e  t o t a l  dem and  i n  e n r i c h e d  n a t u r a l  w a t e r s .  The m a g n i t u d e  o f  t h i s  
dem an d  w i l l  d e t e r m i n e  w h a t ,  i f  any  a d d i t i o n a l  d em and  may be  s a f e l y  
a l l o c a t e d  t o  t h e  s y s t e m  i n  t h e  f o r m  o f  w a s t e  l o a d i n g  w i t h o u t
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p r e c i p i t a t i n g  e x c e s s i v e  oxygen d e p l e t i o n ,  and  s u b s e q u e n t  c a t a s t r o p h i c  
s y s t e m  r e s p o n s e s .  In  t h o s e  i n s t a n c e s  where  e x i s t i n g  a u to c h th o n o u s  oxygen 
demand a l o n e  exce eds  a c c e p t a b l e  l i m i t s ,  some e s t i m a t e  o f  t h e  n u t r i e n t  
r e d u c t i o n  r e q u i r e d  t o  re d u c e  t h i s  background  demand t o  t o l e r a b l e  l e v e l s  
w i l l  be  r e q u i r e d  t o  i d e n t i f y  a p p r o p r i a t e  c o u r s e s  o f  a c t i o n .  I t  i s  
p a r t i c u l a r l y  d e s i r a b l e  f o r  t h e  d e v e l o p e d  c r i t e r i a  t o  be  i n  a f o r m a t  
w h i c h  i s  c o m p a t i b l e  w i t h  t h e  w a s t e  l o a d  a l l o c a t i o n  p r o c e s s .  S i n c e  
b i o c h e m i c a l  oxygen demand (BOD) i s  t h e  m os t  w i d e l y  a c c e p t e d  m easure  o f  
p o t e n t i a l  oxygen d e p l e t i o n ,  and a fu n d a m e n ta l  p a r a m e t e r  i n  w a s t e  load  
a l l o c a t i o n  m o d e l s ,  t h i s  s tu d y  has  been d i r e c t e d  a t  t h e  deve lopm en t  o f  a 
p r a c t i c a l  r e l a t i o n s h i p  be tw ee n  a u t o c h t h o n o u s  BOD and  i n - s i t u  n u t r i e n t  
l e v e l s .
I t  s h o u l d  b e  n o t e d  t h a t  t h e  p r e v e n t i o n  o f  o x y g e n  d e p l e t i o n  a s  a 
consequence  o f  e u t r o p h i c a t i o n  i s  f u n d a m e n t a l l y  a im ed  a t  t h e  p r o t e c t i o n  
o f  a q u a t i c  l i f e  from s u f f o c a t i o n .  T a r z w e l l  (1983) h a s  re m a rk e d  t h a t  i f  
w a t e r s  a r e  p r o d u c t i v e  o f  d e s i r a b l e  a q u a t i c  l i f e ,  t h e y  w i l l  be g e n e r a l l y  
s u i t a b l e  f o r  a l l  o t h e r  u s e s ,  w i t h  t h e  p o s s i b l e  e x c e p t i o n  o f  d o m e s t i c  
w a t e r  s u pp ly .  The US E n v i r o n m e n ta l  P r o t e c t i o n  Agency has  a l s o  r e l a t e d  
g e n e r a l  s t r e a m  q u a l i t y  d i r e c t l y  t o  d i s s o l v e d  o x y g e n  i n  d e f i n i n g  
a c c e p t a b l e  w a t e r  q u a l i t y  a s  t h a t  l e v e l  o f  q u a l i t y  a c h i e v e d  when 
d i s s o l v e d  o x y g e n  a v e r a g e d  o v e r  t h e  l e n g t h  o f  t h e  s t r e a m  m e e t s  s t a t e  
s t a n d a r d s  (US EPA, 1 9 8 5 ) .  S i n c e  o x y g e n  d e p l e t i o n  i s  t h e  m a j o r  
d e l e t e r i o u s  c o n s e q u e n c e  o f  e u t r o p h i c a t i o n  i n  t h e  S t a t e ' s  s t r e a m s  and 
r i v e r s ,  and  n a t u r a l  a q u a t i c  p o p u l a t i o n s  w i l l  g e n e r a l l y  e x i s t  i n  i t s  
a b s e n c e ,  m o s t  o t h e r  p e r t i n e n t  u s e  c l a s s e s  w i l l  be  p r o t e c t e d  t h r o u g h  
a d e q u a te  BOD c r i t e r i a .
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NUTRIENTS, ALGAE AND OXYGEN DEMAND
I n  o r d e r  t o  e s t a b l i s h  s p e c i f i c  n u t r i e n t  c r i t e r i a ,  t h e  r e l a t i o n s h i p  
b e t w e e n  w a t e r  c o l u m n  n u t r i e n t ( s )  and  t h e  u n d e s i r a b l e  e u t r o p h i c a t i o n  
r e s p o n s e ,  s p e c i f i c a l l y  BOD, m us t  be  i d e n t i f i e d .  Dubois (1978) p r e s e n t e d  
t h e  o n l y  s t u d y  l o c a t e d  i n  t h e  l i t e r a t u r e  s p e c i f i c a l l y  a d d r e s s i n g  t h e  
o v e r a l l  r e l a t i o n s h i p  b e tw e e n  n u t r i e n t s  and oxygen d e p l e t i o n .  Th i s  p a p e r  
was  a p u r e l y  t h e o r e t i c a l  d e v e l o p m e n t  o f  a c u s p  c a t a s t r o p h e  m o d e l  o f  
r i v e r  oxygen l e v e l s  as  a f u n c t i o n  o f  t e m p e r a t u r e  and n u t r i e n t  l e v e l s .
A good  d e a l  o f  l a k e  r e s e a r c h  h a s  b e e n  d i r e c t e d  t o w a r d s  t h e  
d e v e l o p m e n t  o f  p r e d i c t i v e  r e l a t i o n s h i p s  b e t w e e n  n u t r i e n t  l o a d i n g  and 
m e a s u re s  o f  a l g a l  b io m a s s ,  u s u a l l y  c h l o r o p h y l l  a (Thomann, 1977; Baker ,  
e t .  a l ,  1981).  The m a j o r i t y  o f  t h e s e  r e l a t i o n s h i p s  have  been  e m p i r i c a l l y  
d e r i v e d ,  w i t h  t h e  m a t h e m a t i c a l  fo rm o f  t h e  r e l a t i o n s h i p s  v a r y i n g  among 
r e s e a r c h e r s  and  l o c a l e .  I t  i s  g e n e r a l l y  a c c e p t e d  t h a t  p h o s p h o r u s  and 
n i t r o g e n  a r e  th e  p r i m a r y  l i m i t i n g  n u t r i e n t s  i n  n a t u r a l  s y s t e m s .  Whi le  
some i n v e s t i g a t i o n s  have  found  r e a s o n a b l y  s t r o n g  r e l a t i o n s h i p s  be tw ee n  
phosphorus  and b io m as s  (Gordon, F i n l a y s o n  and McComb, 1981),  o t h e r s  have 
found TKN t o  be t h e  mos t  e f f e c t i v e  p a r a m e t e r  i n  r a n k i n g  w a t e r s  r e l a t i v e  
t o  m a n i f e s t e d  e u t r o p h i c a t i o n  ( T a y l o r ,  e t .  a l ,  1 9 7 9 ) .  S t e e l e  ( 1 9 7 4 )  
s t a t e s  t h a t  n i t r o g e n  i s  a t  l e a s t  a s  l i m i t i n g  a s  any o t h e r  component  t o  
p h y t o p l a n k t o n  g ro w th .  S m i th  (1982) s u g g e s t s  a d u a l  n u t r i e n t  e f f e c t  where  
n i t r o g e n  m o d i f i e s  t h e  r e s p o n s e  t o  t o t a l  p h o s p h o ru s .  Even when n i t r o g e n  
may a p p e a r  t o  be  l i m i t i n g ,  p h o s p h o r u s  i s  g e n e r a l l y  r e c o g n i z e d  a s  t h e  
f i r s t  c h o i c e  f o r  a c o n t r o l  n u t r i e n t  b e c a u s e  i t ' s  s o u r c e s  a r e  m o re  
r e a d i l y  i d e n t i f i e d  and  c o n t r o l l e d  (OECD, 1 9 8 2 ) .  S o u r c e s  o f  p h o s p h o r u s  
l o a d i n g  i n c l u d e  w a s t e  w a t e r  d i s c h a r g e s  and u rb a n  r u n - o f f ,  which  may be
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c o n t r o l l e d  t h r o u g h  t r e a t m e n t ,  d i v e r s i o n ,  o r  o t h e r  m e a n s .  I n  c o n t r a s t ,  
w h i l e  w a s t e  w a t e r  d i s c h a r g e s  may p r o v id e  a s o u r c e  o f  n i t r o g e n  lo a d i n g ,  a 
s i g n i f i c a n t  p o p u l a t i o n  o f  n i t r o g e n  f i x i n g  b l u e - g r e e n  a l g a e  i n  an a q u a t i c  
s y s t e m  w i l l  p r o v i d e  an ab u n d a n t ,  and d i f f i c u l t  t o  c o n t r o l  s o u r c e  o f  th e  
n u t r i e n t  d i r e c t l y  f r o m  t h e  a t m o s p h e r e .  N o n - p o i n t  s o u r c e  l o a d i n g  f r o m  
a g r i c u l t u r a l  r u n - o f f  may a l s o  be a s i g n i f i c a n t ,  and d i f f i c u l t  t o  manage 
s o u r c e  o f  n i t r o g e n  i n  s t r e a m s  (Loucks ,  1983).
The r e l a t i o n s h i p  b e t w e e n  b io m ass  and a s s o c i a t e d  oxygen demand i s  
a l s o  p o o r l y  r e p r e s e n t e d  i n  t h e  l i t e r a t u r e  ( B i g e l o w ,  e t .  a l ,  1977 ;  
Loucks ,  1983; M a u e r s b e r g e r ,  1983). Crane (1981) d e s c r i b e d  an i n t e n s i v e  
s u rv e y  o f  an a l g a l  do m in a te d  s t r e a m  n e a r  Baton Rouge, L o u i s i a n a  where  a 
v e r y  s t r o n g  l i n e a r  r e l a t i o n s h i p  was  o b s e r v e d  b e t w e e n  c h l o r o p h y l l  a ,  
w i d e l y  u sed  a s  an i n d i c a t o r  o f  a l g a l  b i o m a s s ,  and ca rb o n a ceo u s  BOD20 (R^ 
= 0 . 9 ) .  B i g e l o w ,  e t .  a l  ( 1 9 7 7 )  n o t e d  i n  a d i s c u s s i o n  o f  a l g a l  b l o o m s  i n  
e s t u a r i e s  i n  The  N e t h e r l a n d s  t h a t  BOD c a n  b e  i m p o r t a n t  a s  a g a u g e  i n  
d e t e r m i n i n g  how l a r g e  an  a l g a l  b lo o m  m u s t  b eco m e  b e f o r e  i t  i s  
o b j e c t i o n a b l e .  T h e  a c t u a l  u n i t  BOD f o r  e a c h  s p e c i e s  w i l l  v a r y  
s i g n i f i c a n t l y  w i t h  a n u m b e r  o f  b i o l o g i c a l  a n d  p h y s i c a l  f a c t o r s ,  
p e r t a i n i n g  p r i m a r i l y  t o  a l g a l  c e l l  c o m p o s i t i o n ,  b u t  a l s o  i n v o l v i n g  the  
BOD d e t e r m i n a t i o n  m ethodo logy .  The f u n d a m e n t a l  d i f f i c u l t y  l i e s  i n  t h e  
f a c t  t h a t  r e l a t i o n s h i p s  b e t w e e n  c h e m i c a l  c o n s t i t u e n t s  and b i o l o g i c a l  
components  i n  a q u a t i c  e n v i r o n m e n t s  a r e  d e t e r m i n e d  by complex b i o c h e m i c a l  
p r o c e s s e s  t h a t  we s im p l y  do n o t  f u l l y  u n d e r s t a n d  ( M a u e r s b e rg e r ,  1983; 
J o r g e n s e n , 1983; D a r l e y ,  1982).
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WASTE LOAD Al,LOCATION
The u t i l i t y  o f  a n y  n u t r i e n t  c r i t e r i a  i s  d e p e n d e n t  u p o n  i t s
i n t e g r a t i o n  i n t o  t h e  w a s t e  lo a d  a l l o c a t i o n  p r o c e s s .  The p r e s e n t  s t a t e -  
o f - t h e - a r t  i n  r i v e r  m a n a g e m e n t  p r o v i d e s  f o r  BOD s t a n d a r d s  e s t a b l i s h e d  
f o r  p a r t i c u l a r  p o i n t  s o u r c e  d i s c h a r g e s  b a s e d  upon  t h e  a b i l i t y  o f  t h e  
r e c e i v i n g  w a t e r  t o  a s s i m i l a t e  t h e  w a s t e  w h i l e  m a i n t a i n i n g  d i s s o l v e d  
oxygen dow ns t ream  above c r i t i c a l  l e v e l s .  Complex r i v e r  m ode ls  a r e  used  
t o  s i m u l a t e  t h e  s t r e a m  r e s p o n s e  t o  w a s t e  l o a d s  u n d e r  t h e  w o r s t
c o n d i t i o n s  f o r  w a s t e  a s s i m i l a t i o n ,  t y p i c a l l y  p e r i o d s  o f  low f low  d u r i n g  
th e  w a rm e s t  and m os t  p r o d u c t i v e  summer months.  I n  t h e o r y ,  t h e  r e s u l t i n g
BOD s t a n d a r d  w i l l  p r o v i d e  a d e q u a t e  p r o t e c t i o n  f o r  t h e  s t r e a m  u n d e r  th e
w o r s t  c o n d i t i o n s ,  w h i l e  a l l o w i n g  f o r  a m a rg in  o f  s a f e t y  u n d e r  a v e ra g e  
s t r e a m  c o n d i t i o n s .
CURRENT WASTE LOAD ALLOCATION APPROACH TO NUTRIENT STANDARDS
I n  s p i t e  o f  t h e  g e n e r a l  l a c k  o f  s p e c i f i c  i n f o r m a t i o n  i n  t h e  
l i t e r a t u r e  r e g a r d i n g  th e  e s t a b l i s h m e n t  o f  n u t r i e n t  s t a n d a r d s ,  t h e  s t a t e -  
o f - t h e - a r t  i n  w a s t e  l o a d  a l l o c a t i o n  d o e s  p r o v i d e  f o r  a n  e s t i m a t e  o f  
n u t r i e n t / e u t r o p h i c a t i o n  i m p a c t  on s t r e a m  o x y g e n  l e v e l s .  The c u r r e n t  
app roach  t o  n u t r i e n t  i m p a c t  a s s e s s m e n t  and c o n t r o l  i n  a l g a l  dom ina ted  
s t r e a m s  i n v o l v e s  a two s t e p  a n a l y s i s .  The f i r s t  s t e p  i s  t h e  p r o j e c t i o n  
o f  t h e  e f f e c t  t h a t  m o d i f i e d  n u t r i e n t  l e v e l s  from w a s t e  d i s c h a r g e s  w i l l  
h a v e  on  a l g a l  p o p u l a t i o n  d e n s i t y ,  w i t h  b i o m a s 6 e x p r e s s e d  s o l e l y  a s  
c h l o r o p h y l l  a.  The second  s t e p  i n v o l v e s  an e s t i m a t i o n  o f  t h e  e f f e c t  t h a t  
t h e  m o d i f i e d  a l g a l  p o p u l a t i o n  d e n s i t y  w i l l  h a v e  on d i s s o l v e d  o x y g e n  
l e v e l s  d o w n s t r e a m  o f  t h e  d i s c h a r g e  a s  a n e t  c o n s e q u e n c e  o f  
p h o t o s y n t h e t i c  oxygen p r o d u c t i o n  and r e s p i r a t i o n  p r o c e s s e s .  A th o rough
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d i s c u s s i o n  o f  t h e  p r o c e d u r e  i s  p r e s e n t e d  by  D r i s c o l l ,  e t .  a l  ( 1 9 8 4 ) .  A 
b r i e f  summary w i l l  s e r v e  t o  o u t l i n e  th e  d e t a i l s  o f  t h i s  p r o c e s s .
The p r o j e c t i o n  o f  a l g a l  d e n s i t i e s  i s  based  upon i n o r g a n i c  n u t r i e n t  
c o n c e n t r a t i o n s  " j u s t  d o w n s t r e a m "  o f  a d i s c h a r g e .  The m a g n i t u d e  and  
l o c a t i o n  o f  th e  maximum a l g a l  b io m ass  t h a t  w i l l  r e s u l t  from t h e  sum o f  
a v a i l a b l e  n u t r i e n t s  i n  t h e  s t r e a m  i s  c a l c u l a t e d  u s i n g  an  a l g a l  g ro w th  
m o d e l  i n v o l v i n g  t e r m s  f o r  c h l o r o p h y l l ,  i n o r g a n i c  n u t r i e n t s ,  s t r e a m  
t r a v e l  t i m e ,  p h o s p h o r u s  o r  n i t r o g e n  t o  c h l o r o p h y l l  a r a t i o s ,  a l g a l  
g r o w t h  and  d e a t h  r a t e s ,  n e t  a l g a l  s e t t l i n g  v e l o c i t y ,  and  a n u t r i e n t  
l i m i t a t i o n  f a c t o r .  T h e s e  v a r i o u s  t e r m s  m u s t  be  e i t h e r  e s t i m a t e d  f r o m  
f i e l d  s a m p le s  o r  t a k e n  f rom t h e  l i t e r a t u r e .
The re  a r e  no a c c e p t e d  s t a n d a r d s  f o r  wha t  c o n s t i t u t e s  an e x c e s s i v e  
a m o u n t  o f  c h l o r o p h y l l  a,  a l t h o u g h  e s t i m a t e s  o f  t h e  u p p e r  l i m i t s  o f  
a c c e p t a b i l i t y  r a n g e  f r o m  10 u g / 1  i n  L a k e  S u p e r i o r  t o  50 u g / 1  i n  t h e  
S a c r a m e n t o / S a n  J o a q u i n  D e l t a  ( D r i s c o l l ,  e t .  a l ,  1 9 8 4 ) .  I n  o r d e r  t o  
p r e d i c t  t h e  e f f e c t  o f  c h l o r o p h y l l  c o n c e n t r a t i o n s  on s t r e a m  d i s s o l v e d  
oxygen l e v e l s ,  some e s t i m a t i o n  of  th e  r e l a t i o n s h i p  b e tw e e n  c h l o r o p h y l l  a 
and  a s s o c i a t e d  p h o t o s y n t h e t i c  and  r e s p i r a t i o n  r a t e s  i s  r e q u i r e d .  
T y p i c a l l y ,  t h e s e  two r a t e s  a r e  e s t i m a t e d  u s i n g  s t o i c h i o m e t r i c  r a t i o s  o f  
o x y g e n  a n d  c a r b o n  t o  c h l o r o p h y l l ,  a l o n g  w i t h  g r o w t h  a n d  d e a t h  r a t e  
e s t i m a t e s .  U s i n g  t h e s e  r e l a t i o n s h i p s  i n  a d i s s o l v e d  o x y g e n  m o d e l ,  
e s t i m a t e s  a r e  p r o j e c t e d  f o r  t h e  n e t  e f f e c t  t h a t  a g i v e n  c h l o r o p h y l l  
c o n c e n t r a t i o n  w i l l  have  on d i s s o l v e d  oxygen c o n c e n t r a t i o n s  a t  any p o i n t  
a l o n g  t h e  s t r e a m  segment u n d e r  s tu d y .  I f  th e  r e s u l t i n g  p r e d i c t e d  oxygen 
c o n c e n t r a t i o n s  a r e  too  lo w ,  t h e  c a l c u l a t i o n s  a r e  r e r u n  w i t h  some l e v e l  
o f  n u t r i e n t  c o n t r o l  i m p o s e d  u p o n  t h e  d i s c h a r g e .  The new p r e d i c t e d  
c o n d i t i o n s  a r e  e v a l u a t e d  and t h e  p r o c e s s  i s  r e p e a t e d  u n t i l  a c c e p t a b l e
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c o n d i t i o n s  a r e  p r e d i c t e d .  The m o d e l  i n p u t s  ( i e .  n u t r i e n t  l o a d s )  t h a t  
c o r r e s p o n d  t o  a c c e p t a b l e  p r e d i c t e d  c o n d i t i o n s  a r e  s u b s e q u e n t l y  u sed  a s  
t h e  s t a n d a r d ( s ) .
The p r i n c i p l e  l i m i t a t i o n  o f  t h e  c u r r e n t  a p p r o a c h  i s  t h a t  i t  i s  
h e a v i l y  d e p e n d e n t  u p o n  t h e  a v a i l a b i l i t y  and  r e l i a b i l i t y  o f  e x t e n s i v e  
s i t e  s p e c i f i c  d a t a  f o r  t h e  e s t i m a t i o n  o f  t h e  v a r i o u s  m o d e l  r a t e  and  
p r o p o r t i o n a l i t y  c o n s t a n t s .  The r e q u i r e d  m o d e l s  a r e  s t r u c t u r a l l y  and  
m a t h e m a t i c a l l y  com plex ,  o f t e n  beyond t h e  l i m i t s  o f  p r a c t i c a l i t y  i n  t h e  
d e c i s i o n  making  p r o c e s s  (O r lob ,  1983). There  has  been  no co m p re h e n s iv e  
a s s e s s m e n t  c o n d u c t e d  on  t h e  c u m u l a t i v e  e f f e c t s  o f  t h e  u n c e r t a i n i t i e s  
i n v o l v e d  i n  p a r a m e t e r  e s t i m a t e s  on t h e  r e l i a b i l i t y  o f  t h e s e  c o m p l e x  
m o d e l s  i n  r e a l  w o r l d  s i t u a t i o n s .  G r o m i e c  e t .  a l ( 1 9 8 3 )  c o n c l u d e d  t h a t  
t h e  r e l i a b i l i t y  o f  t h e s e  m o d e l s  i s  p o o r  t o  f a i r  a t  b e s t .  The o b j e c t i v e  
o f  t h e  p r e s e n t  i n v e s t i g a t i o n  i s  t o  d e v e l o p  a p r a c t i c a l  a n d  r e l i a b l e  
a l t e r n a t i v e  f o r  d e f i n i n g  maximum a c c e p t a b l e  n u t r i e n t  l e v e l s  f o r  t h e  
p r o t e c t i o n  o f  r i v e r s  and s t r e a m s .
CHAPTER III
THEORETICAL DEVELOPMENT
In t h i s  c h a p t e r  t h e  b i o c h e m i c a l  p r o c e s s e s  b e h in d  oxygen demand i n  
a l g a l  d o m i n a t e d  s t r e a m s  a r e  d i s c u s s e d .  F r o m  t h e  t h e o r e t i c a l  
s t o i c h i o m e t r y  i t  i s  p o s s i b l e  t o  g e t  some i d e a  o f  t h e  n a t u r e  and 
m a g n i tu d e s  o f  t h e  r e l a t i o n s h i p s  t h a t  w i l l  be e x p e c t e d  t o  e x i s t  be tween  
i n - s i t u  n u t r i e n t s  and oxygen demand.
STOICHIOMETRY
For any g iv e n  s t r e a m  sam ple  dom ina ted  by a u t o c h th o n o u s  components 
t h e r e  a r e  f o u r  component  p r o c e s s e s  t h a t  c a n  p o t e n t i a l l y  c o n t r i b u t e  t o  
measu red  oxygen demand: A lg a l  r e s p i r a t i o n ,  o x i d a t i o n  o f  o r g a n i c  m a t t e r ,  
ammonia o x i d a t i o n ,  and n i t r i t e  o x i d a t i o n .
A l t h o u g h  t h e r e  a r e  v a r i o u s  r e p o r t e d  v a l u e s  f o r  a l g a l  r e s p i r a t i o n  
r a t e s  i n  l a b o r a t o r y  c u l t u r e s  ( J o r g e n s e n ,  1983 ;  F o g g ,  1 9 5 9 ) ,  u s i n g  
h i s t o r i c a l  d a t a  i t  would be d i f f i c u l t  t o  e s t i m a t e  t h e  component  o f  t o t a l  
measured  oxygen demand t h a t  would be a t t r i b u t a b l e  t o  a l g a l  r e s p i r a t i o n  
i n  t h e  BOD d e t e r m i n a t i o n .  I n  g e n e r a l ,  r e s p i r a t i o n  would  be e x p e c t e d  t o  
b e  p r o p o r t i o n a l  t o  t h e  a l g a l  b i o m a s s  i n  t h e  s a m p l e .  F a c t o r s  s u c h  a s  
s p e c i e s  c o m p o s i t i o n ,  a l g a l  p o p u l a t i o n  c o n d i t i o n  and s a m p l i n g  me thodology 
would a l l  be e x p e c te d  t o  e f f e c t  b o t h  t h e  r e s p i r a t i o n  r a t e s  and m o r t a l i t y  
o f  a l g a l  c e l l s  i n  a BOD s a m p l e .  F o r  t h e  p u r p o s e s  o f  t h i s  a r g u m e n t  i t  
w i l l  be assumed t h a t  l i v e  a l g a e  in  s t r e a m  s a m p le s  d i e  q u i c k l y  a f t e r  the  
b e g i n n i n g  o f  t h e  BOD d e t e r m i n a t i o n  and  a l g a l  r e s p i r a t i o n  i s  a m i n o r  
c o n t r i b u t i o n  r e l a t i v e  t o  o t h e r  s o u r c e s .  The s i g n i f i c a n c e  o f  r e l a t i v e  
m a g n i t u d e  w i l l  b eco m e  a p p a r e n t  w i t h  s u b s e q u e n t  c o n s i d e r a t i o n  o f
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u n c e r t a i n t y  i n  o b s e rv e d  d a t a .
D e c o m p o s i t i o n  o f  o r g a n i c  m a t t e r  f r o m  b i o m a s s  i s  p o t e n t i a l l y  t h e  
g r e a t e s t  s o u r c e  o f  o x y g e n  dem and  i n  a s t r e a m  s a m p l e .  The g e n e r a l i z e d  
c h e m i c a l  c o m p o s i t i o n  o f  a l g a l  b i o m a s s  m ay  b e  r e p r e s e n t e d  a s
^106^263®110^16^ (M a u e r s b e r g e r ,  1983). The t o t a l  b a c t e r i a l  d e c o m p o s i t i o n  
o f  a l g a l  b io m as s  may be r e p r e s e n t e d  by th e  r e a c t i o n  ( M a u e r s b e r g e r , 1983)
C106h263°110n16p  + 138 °2 =>
106 C02 + 16 N03" + HP04 " 2 + 122 H20 + 18 H+ (1)
B ased  u p o n  t h i s  g e n e r a l i z e d  s t o i c h i o m e t r i c  r e p r e s e n t a t i o n ,  f o r  e v e r y  
atom o f  n i t r o g e n  i n  a l g a l  b io m a s s  a p p r o x i m a t e l y  17.25 a tom s  o f  oxygen 
w i l l  be r e q u i r e d  f o r  t h e  c o m p le t e  o x i d a t i o n  o f  t h a t  b io m a s s .  In  t e r m s  o f  
m a s s  u n i t s ,  a p p r o x i m a t e l y  19 .7  g r a m s  o f  o x y g e n  a r e  r e q u i r e d  f o r  e a c h  
g ra m  o f  n i t r o g e n  i n  t h e  c o m p l e t e  o x i d a t i o n  o f  b i o m a s s .  U s i n g  t h e  same 
g e n e r a l i z e d  s t o i c h i o m e t r i c  r e p r e s e n t a t i o n ,  a b o u t  142.5 grams o f  oxygen 
a r e  r e q u i r e d  f o r  e a c h  g r a m  o f  p h o s p h o r u s  i n  t h e  c o m p l e t e  o x i d a t i o n  o f  
th e  b io m a s s .
The f i r s t  s t e p  i n  t h e  above c o m p le t e  d e c o m p o s i t i o n  p r o c e s s  i n v o l v e s  
th e  o x i d a t i o n  o f  b io m a s s  and r e s u l t i n g  p r o d u c t i o n  o f  ammonia (NH3 ). T h i s  
c o m p o n e n t  p r o c e s s  i s  c o m m o n l y  r e f e r r e d  t o  a s  t h e  e x e r t i o n  o f  
c a r b o n a c e o u s  o x y g e n  d e m a n d .  U s i n g  t h e  same g e n e r a l i z e d  c o m p o s i t i o n  a s  
above ,  t h i s  i n t e r m e d i a t e  p r o c e s s  r e q u i r e s  a p p r o x i m a t e l y  13.25 a to m s  o f  
oxygen f o r  each  a tom  o f  n i t r o g e n  i n  t h e  o x i d i z e d  b io m a s s .  In  mass u n i t s ,  
a p p r o x i m a t e l y  15.1 g r a m s  o f  o x y g e n  a r e  r e q u i r e d  f o r  e a c h  g ra m  o f  
n i t r o g e n  i n  t h e  b i o m a s s .  T h u s ,  t h i s  c o m p o n e n t  s t e p  r e p r e s e n t s  a b o u t  
76.6% o f  t h e  t o t a l  o x y g e n  r e q u i r e m e n t  i n  t h e  c o m p l e t e  o x i d a t i o n  o f  
n i t r o g e n o u s  o r g a n i c  m a t e r i a l .  As an e s t i m a t e  o f  u l t i m a t e  BOD, th e  20 day
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BOD d e t e r m i n a t i o n  i s  u s u a l l y  assumed t o  i n c l u d e  t h e  t o t a l  d e c o m p o s i t i o n  
o f  o r g a n i c  m a t e r i a l ,  s o  i t  w o u l d  be  e x p e c t e d  t h a t  t h e  b u l k  o f  a l g a l
b io m a s s  i n  such  a d e t e r m i n a t i o n  would be t h o r o u g h l y  o x i d i z e d ,  and th u s
t a k e n  p a s t  t h i s  i n t e r m e d i a t e  s t e p .
The o x i d a t i o n  o f  ammonia t o  n i t r a t e  i s  a two s t e p  p r o c e s s  i n v o l v i n g  
t h e  o x i d a t i o n  o f  am m o n ia  f i r s t  t o  n i t r i t e  (N02 ” ) by  N i t r o s o n o m a s  s p . ,  
and  s u b s e q u e n t  o x i d a t i o n  o f  n i t r i t e  t o  n i t r a t e  by  N i t r o b a c t e r  s p . 
Ammonia p roduced  i n  t h e  i n i t i a l  o x i d a t i o n  o f  o r g a n i c  m a t t e r ,  a s  w e l l  a s
a n y  p r e s e n t  f r o m  o t h e r  s o u r c e s ,  s u c h  a s  e x c r e t a  w i l l  r e p r e s e n t  a
p o t e n t i a l  f o r  oxygen demand th r o u g h  t h i s  p r o c e s s .  The two s t e p s  may be 
e x p r e s s e d  a s  t h e  f o l l o w i n g  two o x i d a t i o n  r e a c t i o n s :
NH3 + 1 .5  02 => N02~2 + H+ + H20 (2 )
N02" 2 + 0 . 5  02 => N03" (3 )
I n  m a s s  u n i t s ,  t h e  o v e r a l l  sum o f  t h e s e  tw o  r e a c t i o n s  r e q u i r e s  
a p p r o x i m a t e l y  4.57 grams o f  oxygen f o r  e a c h  gram o f  n i t r o g e n  p r e s e n t  a s  
ammonia.
Based on t h e  s t o i c h i o m e t r y  th e  u l t i m a t e  oxygen demand r e p r e s e n t e d  
by any s t r e a m  sam ple  may t h e n  be e s t i m a t e d  by e i t h e r
BOD = 142 .5  PBIOM + 4 . 5 6  NAMMON (4 )
o r
BOD = 19 .7  NBIOM + 4 . 5 6  NAMMON (5 )
where BOD = U l t i m a t e  BOD i n  grams 02
PBIOM = Grams o f  p h o sphorus  a s  b iomass
NBIOM = Grams o f  n i t r o g e n  as  b iomass
NAMMON = Grams o f  n i t r o g e n  as  ammonia
W here  t h e  a v a i l a b i l i t y  o f  o n e  n u t r i e n t  i s  l i m i t e d  r e l a t i v e  t o  
b i o m a s s  r e q u i r e m e n t s ,  t h e  c e l l  c o n t e n t  o f  t h e  o t h e r ,  m ore  a v a i l a b l e
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n u t r i e n t  o f t e n  d i s p l a y s  c o n s i d e r a b l e  v a r i a b i l i t y .  A l g a l  c e l l s  m ay ,  o r  
may n o t  e x h i b i t  " lu x u r y "  u p t a k e  o f  th e  more abundan t  n u t r i e n t  above and 
beyond t h e i r  minimum r e q u i r e m e n t s .  Thus,  one o f  t h e  above two e q u a t i o n s  
(4 & 5) i s  e x p e c t e d  t o  be  m o r e  a m o re  r e l i a b l e  d e s c r i p t i o n  o f  BOD 
d ep en d in g  upon w hich  n u t r i e n t  i s  mos t  c r i t i c a l  t o  b io m as s .
NITROGEN CRITICAL SYSTEMS
I t  w i l l  be  s h o w n  i n  a s u b s e q u e n t  c h a p t e r  t h a t  n i t r o g e n  i s  t h e  
c r i t i c a l  n u t r i e n t  i n  d e s c r i b i n g  o b s e r v e d  o x y g e n  dem and  i n  t h e  s t r e a m  
d a t a  e v a l u a t e d  f o r  t h i s  i n v e s t i g a t i o n .  S p e c i f i c a l l y ,  i t  w i l l  be  shown 
t h a t  t o t a l  K j e l d a h l  n i t r o g e n  (TKN) i s  t h e  p a r a m e t e r  o f  i n t e r e s t  i n  
m o d e l i n g  o x y g e n  d em an d .  I n  a n t i c i p a t i o n  o f  t h i s  f i n d i n g ,  a b r i e f  
d i s c u s s i o n  i s  p r e s e n t e d  i n  t h i s  s e c t i o n  c o n c e r n i n g  t h e  t h e o r e t i c a l  
r e l a t i o n s h i p  b e tw e e n  oxygen demand and th e  t o t a l  amount o f  o x i d i z a b l e  
n i t r o g e n o u s  m a t e r i a l  i n  t h e  w a t e r  column a s  r e p r e s e n t e d  by TKN.
The t o t a l  K j e l d a h l  n i t r o g e n  d e t e r m i n a t i o n  i s  p e r h a p s  t h e  m o s t  
common n i t r o g e n  m e a s u r e m e n t .  TKN m e a s u r e s  a c o m p o s i t e  o f  o r g a n i c  
n i t r o g e n  i n  b io m a s s  m a t e r i a l  and ammonia n i t r o g e n ,  and t h u s  p r e s e n t s  an 
e s t i m a t e  o f  t h e  t o t a l  o x i d i z a b l e  n i t r o g e n .  I f  we e x p r e s s  th e  f r a c t i o n  o f  
TKN t h a t  i s  o r g a n i c  n i t r o g e n  a s  NORG, and  d i v i d e  t h r o u g h  by a v o l u m e  
t e r m  t o  g e t  c o n c e n t r a t i o n s ,  t h e n  t h e  o v e r a l l  s t o i c h i o m e t r y  c a n  be  
e x p r e s s e d  a s
BOD = 19 .7  (NORG)(TKN) + 4 . 5 6  (1 -  NORG)(TKN) ( 6 )
o r
BOD = TKN ( 4 . 5 6  + 15.1  NORG) (7 )
where NORG = F r a c t i o n  o f  TKN t h a t  i s  o r g a n i c  m a t t e r  
The oxygen demand p r e d i c t e d  by the  s t o i c h i o m e t r y  w i l l  be a f u n c t i o n  
o f  b o t h  t o t a l  n i t r o g e n  i n  t h e  s a m p l e  and  t h e  d i s t r i b u t i o n  o f  t h a t
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n i t r o g e n  am ong t h e  t w o  p r i n c i p a l  c o m p o n e n t s .  F i g u r e  1 i l l u s t r a t e s  
s e v e r a l  d i f f e r e n t  BOD - TKN l i n e s  t h a t  w o u ld  b e  p r e d i c t e d  by t h e  
s t o i c h i o m e t r y  f o r  v a r i o u s  o r g a n i c  n i t r o g e n  f r a c t i o n s  r a n g i n g  f r o m  1,  
w here  a l l  o f  t h e  n i t r o g e n  i s  i n  o r g a n i c  m a t e r i a l ,  t o  0.2 w here  ammonia 
i6  t h e  p r e d o m in a n t  form.  The s i g n i f i c a n c e  o f  t h i s  i n f o r m a t i o n  i s  t h a t  i t  
g i v e s  some id e a  o f  t h e  g e n e r a l  r a n g e  and m a g n i tu d e  o f  v a l u e s  t h a t  m i g h t  
be e x p e c t e d  i n  o b s e rv e d  d a t a .
SPECIAL CONSIDERATIONS IN STREAM SYSTEMS
A l t h o u g h  t h e  u n d e r l y i n g  p r o c e s s e s  a r e  t h e  sam e  i n  a l l  s t r e a m s ,  
s t r e a m  s y s t e m s  e x h i b i t  c o n s i d e r a b l e  v a r i a b i l i t y  i n  t h e i r  r e s p o n s e  t o  
n u t r i e n t  c o n d i t i o n s .  The n a t u r e  o f  s t r e a m s  a s  d y n a m i c  b o d i e s  o f  w a t e r  
i n t r o d u c e s  f a c t o r s  such  a s  d e p t h ,  v e l o c i t y ,  and t r a v e l  t i m e  which  e f f e c t  
a l g a l  g r o w t h  and  d y n a m i c s .  A d d i t i o n a l l y ,  t u r b i d i t y  f r o m  s c o u r  and  
l o a d i n g ,  a s  w e l l  a s  s h a d i n g  e f f e c t s  f r o m  t r e e s  and  p l a n t s  g r o w i n g  on 
s t r e a m  b a n k s  may l i m i t  l i g h t  a v a i l a b i l i t y ,  and  i n f l u e n c e  l o c a l  a l g a l  
p o p u l a t i o n  d e n s i t y  and c o m p o s i t i o n .
As a d y n a m i c ,  t i m e  t r a n s i e n t  s y s t e m ,  t h e  r e l a t i o n s h i p  b e t w e e n  
n u t r i e n t  l e v e l s  i n  a s t r e a m  and th e  oxygen  demand t h a t  w i l l  r e s u l t  from 
t h e  mix  o f  r e a l i z e d  a l g a l  b io m a s s ,  f r e e  o r g a n i c  m a t e r i a l  and in o r g a n i c  
c o m p o u n d s  w i l l  b e  m o d i f i e d  a t  a n y  g i v e n  p o i n t  by a v a r i e t y  o f  s i t e  
s p e c i f i c  f a c t o r s  and i n t e r a c t i o n s .  I n  l i g h t  o f  t h e s e  c o n s i d e r a t i o n s ,  i t  
a p p e a r s  from th e  o u t s e t  t h a t  a p r o b a b i l i s t i c  a p p ro a c h ,  w h e r e in  t h e  n e t  
e f f e c t s  o f  a m u l t i t u d e  o f  m o d i f y in g  f a c t o r s  a r e  c o n s i d e r e d  i n  t e r m s  o f  
u n c e r t a i n t y ,  o f f e r s  t h e  b e s t  p o t e n t i a l  f o r  d e f i n i n g  c r i t e r i a .
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F i g u r e  1.  S e v e r a l  d i f f e r e n t  B0Du ^^ -  TKN r e l a t i o n s h i p  l i n e s  f o r  a r a n g e  




T h i s  c h a p t e r  p r e s e n t s  a b r i e f  d i s c u s s i o n  o f  t h e  d a t a  r e q u i r e m e n t s  
f o r  t h e  d e v e l o p m e n t  o f  a n u t r i e n t  c r i t e r i a  m o d e l ,  f o l l o w e d  by  a 
d e s c r i p t i o n  o f  t h e  tw o  d a t a  s e t s  t h a t  w e r e  l o c a t e d  a n d  u s e d  i n  t h e  
r e s e a r c h .
DATA REQUIREMENTS
THEORETICAL CONSIDERATIONS. I n  o r d e r  t o  s u p p o r t  t h e  o b j e c t i v e  o f  
d e f i n i n g  a q u a n t i t a t i v e  model  r e l a t i n g  i n - s i t u  n u t r i e n t  c o n c e n t r a t i o n s  
t o  c o r r e s p o n d i n g  BOD l e v e l s  t h e  d a t a  b a s e  f o r  t h i s  p r o j e c t  m u s t  i n c l u d e ,  
a t  a minimum, s i m u l t a n e o u s  m e asu re m en ts  o f  n u t r i e n t s  and oxygen demand. 
I n  t e r m s  o f  s p e c i f i c  w a t e r  q u a l i t y  p a r a m e t e r s ,  t h e  d a t a  r e c o r d s  s h o u ld  
i d e a l l y  i n c l u d e  20 d a y  b i o c h e m i c a l  o x y g e n  dem and  (BOD2 0 ) ,  t o t a l  and  
o r t h o  p h o s p h o ru s ,  t o t a l  K j e l d a h l  and ammonia n i t r o g e n ,  and c h l o r o p h y l l  a 
(CHLA), c o r r e c t e d  f o r  p h e o p h y t i n .  T w e n t y  d a y  BOD s h o u l d  p r o v i d e  a 
r e a s o n a b l e  e s t i m a t e  o f  u l t i m a t e  oxygen demand. The 20 day d e t e r m i n a t i o n  
a l l o w s  f o r  t h e  d e a t h  and d e c o m p o s i t i o n  o f  l i v e  a l g a e  i n  t h e  s a m p le ,  a s  
w e l l  a s  e x e r t i o n  o f  n i t r o g e n o u s  oxygen demand,  w h ich  i s  e x p e c t e d  t o  be a 
s i g n i f i c a n t  c o m p o n e n t  o f  t h e  t o t a l  a u t o c h t h o n o u s  d e m a n d .  N u t r i e n t  
p a r a m e t e r s  m u s t  c e n t e r  o n  t h e  v a r i o u s  m e a s u r e s  o f  p h o s p h o r u s  and  
n i t r o g e n  c o m p o n e n t s  o f  w a t e r  t h a t  r e p r e s e n t  o x i d i z a b l e  m a t e r i a l ,  
p r i n c i p a l l y  o r g a n i c  m a t t e r  and ammonia.  There  a r e  a v a r i e t y  o f  b io m a s s  
p a r a m e t e r s  a v a i l a b l e ,  each  w i t h  d i s t i n c t  a d v a n t a g e s  and d i s a d v a n t a g e s .  
For  t h i s  i n v e s t i g a t i o n ,  where  l a r g e  amounts  o f  h i s t o r i c a l  d a t a  a r e  t o  be 
s o u g h t ,  c h l o r o p h y l l  a i s  m o s t  l i k e l y  t o  b e  w e l l  r e p r e s e n t e d  i n  
h i s t o r i c a l  d a t a  r e c o r d s .  The U6e o f  c h l o r o p h y l l  a a s  a b io m a s s  e s t i m a t o r
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i s  c o n s i s t e n t  w i t h  w a s t e  l o a d  a l l o c a t i o n  p r o c e d u r e s .
REQUIREMENTS FOR DATA SCREENING. Some means was r e q u i r e d  f o r  i d e n t i f y i n g  
th o s e  h i s t o r i c a l  r e c o r d s  w here  a l g a e  w ere  a s i g n i f i c a n t  component  o f  the  
s y s t e m .  S ince  t h e  m a n i f e s t a t i o n  o f  a l g a e  and a s s o c i a t e d  oxygen demand 
w i l l  b e  g r e a t e s t  d u r i n g  t h e  w a r m e r  m o n t h s ,  when  p h y s i c a l  f a c t o r s ,  
p a r t i c u l a r l y  t e m p e r a t u r e  a r e  m i n i m a l l y  l i m i t i n g  t o  t h e  dev e lo p m en t  o f  
a l g a l  p o p u l a t i o n s ,  o n l y  d a t a  f r o m  t h e  w a r m e r  p e r i o d  o f  t h e  y e a r  w e r e  
c o n s i d e r e d .  The w armer  months  o f  t h e  y e a r  a r e  a l s o  o f  p r i n c i p a l  co n ce rn  
i n  w a s t e  l o a d  a l l o c a t i o n ,  r e p r e s e n t i n g  t h e  w o r s t  c a s e  s i t u a t i o n  f o r  
oxygen d e p l e t i o n .  F u r t h e r m o r e ,  some minimum l e v e l  o f  a l g a l  d e n s i t y  was 
r e q u i r e d  t o  i n s u r e  t h a t  t h e  d a t a  r e p r e s e n t e d  o n ly  t h o s e  s t r e a m s  where 
a l g a e  w e r e  a c t u a l l y  i n  e v i d e n c e .  The d e t a i l s  o f  t h e  s c r e e n i n g  p r o c e s s  
a r e  p r e s e n t e d  i n  th e  f o l l o w i n g  s e c t i o n .
DATA COLLECTION
LOUISIANA INTENSIVE STREAM SURVEY DATA. A r e v i e w  and  e x a m i n a t i o n  o f  
a v a i l a b l e  s t r e a m  w a t e r  q u a l i t y  d a t a  f o r  t h e  S t a t e  o f  L o u i s i a n a  was  
co n d u c te d .  The m o s t  a p p r o p r i a t e  and c o m p le t e  d a t a b a s e  examined  c o n s i s t s  
o f  i n t e n s i v e  s u rv e y  d a t a  t h a t  t h e  L o u i s i a n a  D ep a r tm en t  o f  E n v i r o n m e n ta l  
Q u a l i t y  (LA DEQ) h a s  c o l l e c t e d  f r o m  s e l e c t e d  s t r e a m s  t h r o u g h o u t  t h e  
S t a t e .  T h i s  i n t e n s i v e  s u r v e y  d a t a  c o n s i s t s  m a i n l y  o f  d i u r n a l  s u r v e y s  
c o n d u c te d  i n  r e s p o n s e  t o  s u s p e c t e d  p o l l u t i o n  p ro b le m s .  These  r e c o r d s  a r e  
u n iq u e  i n  t h a t  t h e y  r e f l e c t  r e p e t i t i v e  s a m p l i n g  a t  s h o r t  i n t e r v a l s ,  and 
i n c l u d e  most  o f  t h e  p a r a m e t e r s  o f  co n c e rn  t o  t h i s  p r o j e c t ;  s p e c i f i c a l l y ,  
t o t a l  p h o s p h o r u s  (T P ) ,  t o t a l  K j e l d a h l  n i t r o g e n  (TKN), BOD20 and  
c h l o r o p h y l l  a .
STORET NATIONAL DATABASE. An i n d e p e n d e n t  n a t i o n a l  d a t a b a s e  was  s o u g h t  
f o r  c o m p a r i s o n  w i t h  t h e  f i n d i n g s  f rom th e  L o u i s i a n a  d a t a .  A s e a r c h  was 
c o n d u c t e d  o n  t h e  US EPA's STORET d a t a b a s e  f o r  a l l  a m b i e n t  s t r e a m  
o b s e r v a t i o n s  w h i c h  i n c l u d e d  BOD20 i n  t h e  r e c o r d ,  t h i s  b e i n g  t h e  m o s t  
c r i t i c a l  p a r a m e t e r  t o  t h e  i n v e s t i g a t i o n .  A much l a r g e r  s e l e c t i o n  o f  
p a r a m e t e r s  i s  a v a i l a b l e  i n  t h e  STORET d a t a  r e c o r d s  t h a n  i n  t h e  LA DEQ 
i n t e n s i v e  s u rv e y  d a t a .  A w ide  r a n g e  o f  p o t e n t i a l l y  p e r t i n e n t  p a r a m e t e r s  
w e r e  c o l l e c t e d  i n  t h e  STORET r e t r i e v a l  i n  a d d i t i o n  t o  t h e  p r e v i o u s l y  
i d e n t i f i e d  p a r a m e t e r s  o f  p r i n c i p a l  c o n ce rn .
DATABASE SUMMARY
LOUISIANA INTENSIVE SURVEY DATA. A t o t a l  o f  1582 s a m p l in g  r e c o r d s  were  
t r a n s c r i b e d  f r o m  LA DEQ f i e l d  r e c o r d  s h e e t s  t o  c o m p u t e r  f i l e s .  T h e s e  
d a t a  c o n s t i t u t e  t h e  m a j o r i t y  o f  t h e  s t r e a m  w a t e r  q u a l i t y  d a t a  a v a i l a b l e  
i n  t h e  LA DEQ i n t e n s i v e  s u r v e y  f i l e s .  I t  i s  b e l i e v e d  t h a t  t h e s e  d a t a  
r e p r e s e n t  t h e  m o s t  c o m p r e h e n s i v e  s e t  o f  s t r e a m  w a t e r  q u a l i t y  r e c o r d s  
e x i s t e n t  i n  t h e  S t a t e  o f  L o u i s i a n a .
The i n t e n s i v e  s u rv e y  d a t a  r e c o r d s  t r a n s c r i b e d  c o v e r  t h e  months  o f  
l a t e  A p r i l  t h ro u g h  e a r l y  O c to b e r  f rom 1980 th ro u g h  1984, r e p r e s e n t i n g  
1582  s e p a r a t e  s a m p l i n g  e v e n t s  f r o m  44 s t r e a m  s e g m e n t s  t h r o u g h o u t  t h e  
s t a t e .  A l i s t i n g  o f  s t r e a m  s e g m e n t s  i n c l u d e d  i s  p r e s e n t e d  i n  T a b l e  1. 
There  was a good d i s t r i b u t i o n  o f  t h e s e  segm en ts  among t h e  w a t e r  q u a l i t y  
m a n a g e m e n t  b a s i n s  i n  t h e  S t a t e ,  a s  sh o w n  i n  f i g u r e  2.  A l i s t  o f  
i n f o r m a t i o n  and  p a r a m e t e r s  a v a i l a b l e  a n d  r e c o r d e d  f o r  e a c h  s a m p l e  i s  
p r e s e n t e d  i n  T a b l e  2.  The d a t a  g e n e r a l l y  r e p r e s e n t  t h e  t h r e e  m a j o r  
c o m p o n e n t s  o f  w a t e r  q u a l i t y  t h a t  a r e  o f  c o n c e r n  t o  t h i s  p r o j e c t :  
n u t r i e n t s ,  a l g a l  b io m a s s  and oxygen demand.
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T ab le  1. S t r e a m  seg m en ts  r e p r e s e n t e d  i n  t h e  i n t e n s i v e  s u rv e y  d a t a  s e t ,  
a l o n g  w i t h  t h e  d i s t r i b u t i o n  o f  t o t a l  o b s e r v a t i o n s  among t h e  segm en ts .
STREAM NUMBER OF PERCENT
SEGMENT SAMPLES OF TOTAL
0203 16 1.011
0206 138 8 .7 2 3
0207 84 5 .310
0309 7 0 .4 4 2
0402 51 3.224
0403 14 0 .885
0404 48 3 .034
0408 118 7.459
0409 56 3 .540
0410 21 1 .327
0411 36 2 .276
0415 54 3 .413
0418 26 1.643
0425 24 1.517
0501 34 2 .149
0504 16 1.011
0505 64 4 .0 4 6
0515 38 2 .402
0517 108 6 .827
0519 16 1.011
0525 8 0 .5 0 6
0527 12 0 .7 5 9
0533 38 2 .402
0607 28 1 .770
0608 16 1.011
0801 101 6 .3 8 4
0811 8 0 .506
0815 14 0 .885
0827 14 0 .8 8 5
0909 27 1.707
1003 12 0 .759
1004 10 0 .6 3 2
1005 82 5 .183
1009 12 0 .759
1011 28 1.770
1016 18 1 .138
1023 30 1.896
1109 25 1 .580
1201 14 0 .8 8 5






















0203 "  
_0206  
0207
F i g u r e  2 .  D i s t r i b u t i o n  o f  s t r e a m  s e g m e n t s  i n  t h e  LA DEQ d a t a  s e t  among 
t h e  w a t e r  q u a l i t y  management b a s i n s  o f  L o u i s i a n a *
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T ab le  2. I n f o r m a t i o n  and p a r a m e t e r s  r e c o r d e d  f o r  each  s t a t i o n  i n  th e  
i n t e n s i v e  s u rv e y  d a t a  s e t .
G en e ra l  i n f o r m a t i o n :
Segment number 
Sample d e s i g n a t i o n  
Day o r  n i g h t  sample  
Date c o l l e c t e d
Water  q u a l i t y  p a r a m e t e r s :
Depth o f  s t r e a m  (m)
D i s s o l v e d  oxygen [DO] (mg/1)
T em pera tu re  (°C)
C o n d u c t i v i t y  (umhos)
20 day BOD [B0D2q] (mg/1)
20 day BOD -  n i t r o g e n  s u p p r e s s e d  (mg/1) 
T o t a l  phosphorus  [TP] (mg/1)
T o t a l  K j e l d a h l  n i t r o g e n  [TKN] (mg/1) 
C h l o r o p h y l l  a -  u n c o r r e c t e d  [U_CHLA] ( u g / 1 )  
C h lo r o p h y l l  a - c o r r e c t e d  [C_CHLA] ( u g / 1 )  
P h e o p h y t in  [PHEO_A] ( u g / 1 )
S t ream v e l o c i t y  ( f t / s e c )
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T a b l e  3 s u m m a r i z e s  t h e  LA DEQ i n t e n s i v e  s u r v e y  d a t a  s e t .  
C o r r e l a t i o n  c o e f f i c i e n t s  w e r e  c a l c u l a t e d  f o r  a l l  p o s s i b l e  p a r a m e t e r  
p a i r s  a s  a p r e l i m i n a r y  s t e p  i n  i d e n t i f y i n g  p o t e n t i a l  r e l a t i o n s h i p s  i n  
t h e  d a t a .  T a b l e  4 p r e s e n t s  t h e  r e s u l t s  o f  t h i s  c o r r e l a t i o n  a n a l y s i s .  
U n s u p p r e s s e d  BOD20  had  t h e  h i g h e s t  c o r r e l a t i o n  c o e f f i c i e n t s  w i t h  t h e  
n u t r i e n t  p a r a m e t e r s  ( i e .  TP and  TKN). T h i s  o b s e r v a t i o n  i s  c o n s i s t e n t  
w i t h  t h e  t h e o r e t i c a l  d ev e lo p m e n t  t h a t  was p r e v i o u s l y  p r e s e n t e d .  I t  i s  
s i g n i f i c a n t  t h a t  t h e  two n u t r i e n t  p a r a m e t e r s  w e r e  c o n s i d e r a b l y  m o re  
h i g h l y  c o r r e l a t e d  w i t h  BOD2Q th a n  any o f  t h e  b io m a s s  p a r a m e t e r s  (CHLA, 
C__CHLA and PHEO_A). T h i s  o b s e r v a t i o n  i s  n o t  s u r p r i s i n g  s i n c e  c h l o r o p h y l l  
a ,  a l t h o u g h  w i d e l y  u s e d ,  i s  a l s o  w i d e l y  r e c o g n i z e d  a s  b e i n g  a v a r i a b l e ,  
and somewhat  u n r e l i a b l e  i n d i c a t o r  o f  a l g a l  b io m a s s  (Fogg,  1959; D a r l e y ,  
1 9 8 2 ;  K o p f ,  1 9 8 3 ) .  M o r e o v e r ,  n u t r i e n t s  i n  n o n - a l g a l  b i o m a s s  a l s o  
r e p r e s e n t  a p o t e n t i a l  o x y g e n  dem and  w h i c h  w o u ld  n o t  be  r e f l e c t e d  by 
c h l o r o p h y l l  a .  B a s e d  u p o n  t h i s  a n a l y s i s ,  TKN a n d  TP o f f e r  t h e  b e s t  
p o t e n t i a l  f o r  deve lopm en t  o f  a p r e d i c t i v e  BOD2Q model .
One o f  t h e  o b j e c t i v e s  o f  s c r e e n i n g  th e  d a t a  was t o  i n s u r e  t h a t  the  
d a t a  r e p r e s e n t  c o n d i t i o n s  w here  a l g a l  p r o c e s s e s  d o m in a te  t h e  s t r e a m  and 
p r e s e n t  a s i g n i f i c a n t  p r o b l e m  t o  w a t e r  q u a l i t y .  To t h i s  e n d ,  a l l  
o b s e r v a t i o n s  where  CHLA v a l u e s  were  e i t h e r  m i s s i n g  o r  be low  10 u g /1  were  
d i s c a r d e d .  A minimum c h l o r o p h y l l  a c o n c e n t r a t i o n  o f  10.0 ug /1  was chosen  
b a s e d  u p o n  t h e  u s e  o f  10.0  u g /1  a s  a t h r e s h o l d  f o r  a l g a e  p r o b l e m s  i n
s t u d i e s  i n  o t h e r  p a r t s  o f  t h e  c o u n t r y  ( D r i s c o l l ,  e t .  a l ,  1984 ;  W a l k e r ,  
1984).  I t  was assumed t h a t  t h e  a b s e n c e  o f  c h l o r o p h y l l  a d a t a  i n d i c a t e d  
t h a t  S t a t e  s u rv e y  p e r s o n n e l  judged  t h a t  a l g a e  p o p u l a t i o n s  were  too  s m a l l  
t o  j u s t i f y  s a m p l i n g  f o r  c h l o r o p h y l l  a .  Th i s  f i l t e r i n g  p r o c e s s  r e s u l t e d  
i n  an  im provem ent  in  c o r r e l a t i o n  w i t h  BOD2Q f o r  TP ( r=0.46)  and a
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T ab le  3.  Summary o f  p a r a m e t e r s  exam ined  i n  t h e  i n t e n s i v e  s u r v e y  d a t a .
P a ra m e te r N Mean S ta n d a rd
D e v i a t i o n
Minimum Maximui
D i s s o l v e d  oxygen (mg/1) 1542 4 .3 2 9 2 .706 0 .0 2 3 .0
T em pera tu re  (°C) 1542 2 7 .6 3 .1 4 1 5 .0 3 8 .0
C o n d u c t i v i t y  (umhos) 1484 1620.2 6 42 1 .0 0.01 177,000
BOD20 -  N s u p p r e s s e d 1512 9 .95 2 3 .6 8 0 .4 0 4 8 3 .0
(mg/1 )
BOD20 (ms / D 1513 16 .28 2 9 .97 0 .5 0 555 .0
TP (mg/1) 1565 0 .9 6 0 1 .930 0.010 34 .80
TKN (mg/1) 1561 2 .7 0 7 4 .1 4 8 0 .0 7 0 62 .30
C h l o r o p h y l l  a ( u g / 1 )
U n c o r r e c t e d 177 4 4 .6 4 71 .97 1.20 624 .0
C o r r e c t e d 501 22 .35 3 1 .2 0 0 .00 240 .6
P h e o p h y t i n  a ( u g /1 ) 501 15 .98 19.15 1.00 222 .3
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T a b l e  4 .  R e s u l t s  o f  c o r r e l a t i o n  a n a l y s i s  on  t h e  e n t i r e  DEQ i n t e n s i v e  
s u r v e y  d a t a  s e t .  G i v e n  f o r  e a c h  c o m b i n a t i o n  o f  p a r a m e t e r s  i s  t h e  
c o r r e l a t i o n  c o e f f i c i e n t  (R) ,  t h e  p r o b a b i l i t y  o f  o b s e r v i n g  a l a r g e r  
n u m e r i c a l  R v a l u e  un d e r  t h e  n u l l  h y p o t h e s i s  o f  no c o r r e l a t i o n ,  and th e  
number o f  o b s e r v a t i o n s  exam ined .
DO TEMP COND BOD20 BOD20S TP TKN
DO 1.00000 0 .14465 0.07359 -0 .1 9 1 8 5 -0 .1 4 9 7 3 -0 .1 7 8 6 9 - 0 .2 2 1 6 4
0.0000 0.0001 0 .0047 0.0001 0.0001 0.0001 0.0001
1542 1533 1475 1479 1478 1532 1528
TEMP 0.14465 1.00000 0 .05821 -0 .0 7 8 6 7 -0 .07121 -0 .0 0 3 0 9 -0 .0 0 5 4 2
0.0001 0 .0000 0 .0 2 5 3 0 .0025 0 .0062 0 .9 0 3 7 0 .8324
1533 1542 1477 1479 1478 1532 1528
COND 0.07359 0 .05821 1.00000 - 0 .0 2 9 8 9 - 0 .0 1 3 6 4 -0 .0 4 0 9 2 -0 .0 3 4 7 5
0 .0047 0 .0 2 5 3 0.0000 0 .2600 0 .6073 0 .1 1 6 3 0 .1830
1475 1477 1484 1422 1421 1474 1470
BOD20 -0 .1 9 1 8 5 -0 .0 7 8 6 7 - 0 .0 2 9 8 9 1.00000 0 .95038 0 .38597 0 .52243
0.0001 0 .0 0 2 5 0 .2 6 0 0 0.0000 0.0001 0.0001 0.0001
1479 1479 1422 1513 1511 1509 1505
B0D20S -0 .1 4 9 7 3 -0 .07121 -0 .0 1 3 6 4 0 .95038 1.00000 0 .30970 0 .43498
0.0001 0 .0062 0 .6073 0.0001 0.0000 0.0001 0.0001
1478 1478 1421 1511 1512 1508 1504
TP -0 .1 7 8 6 9 - 0 .0 0 3 0 9 -0 .0 4 0 9 2 0 .38597 0 .30970 1.00000 0.75492
0.0001 0 .9037 0 .1 1 6 3 0.0001 0.0001 0.0000 0.0001
1532 1532 1474 1509 1508 1565 1561
TKN - 0 .2 2 1 6 4 -0 .0 0 5 4 2 -0 .0 3 4 7 5 0 .52243 0 .43498 0 .75492 1.00000
0.0001 0 .8 3 2 4 0 .1830 0.0001 0.0001 0.0001 0.0000
1528 1528 1470 1505 1504 1561 1561
CHLA -0 .0 7 2 1 1 0 .22943 -0 .0 0 1 6 3 0 .29333 0 .36545 0 .20262 0 .43357
0 .3444 0 .0 0 2 3 0 .9 8 3 6 0.0001 0.0001 0 .0 0 7 0 0.0001
174 175 162 177 176 176 176
C_CHLA 0.17807 0 .22392 0 .08849 0 .18574 0 .15669 0 .19577 0 .26998
0.0001 0.0001 0 .0574 0.0001 0 .0 0 0 4 0.0001 0.0001
489 489 462 499 498 499 499
PHEO_A 0 .18010 0.15061 -0 .0 0 6 1 4 0 .19057 0 .15539 0 .21153 0.22877
0.0001 0 .0 0 0 8 0 .8954 0.0001 0 .0005 0.0001 0.0001
489 489 462 499 498 499 499
CHLA C_CHLA PHE0_A
CHLA 1.00000 0 .99274 0 .81931
0.0000 0.0001 0.0001
177 116 116
C_CHLA 0 .99274 1.00000 0 .84581
0.0001 0.0000 0.0001
116 501 501




r e d u c t i o n  f o r  TKN (r=0.45) .  T h i s  f i l t e r e d  d a t a  s u b s e t ,  c o n s i s t i n g  o f  262 
o b s e r v a t i o n s  was used  a s  t h e  b a s i s  f o r  f u r t h e r  model  d eve lopm en t .  Tab le 
5 p r e s e n t s  a summary o f  t h e  f i l t e r e d  d a t a  s u b s e t ,  w h i l e  T ab le  6 c o n t a i n s  
a l i s t  o f  s t r e a m  s e g m e n t s  r e p r e s e n t e d  i n  t h i s  s u b s e t .  A c o m p l e t e  d a t a  
l i s t i n g  f o r  t h i s  s u b s e t  i s  p r e s e n t e d  i n  Appendix  A.
A p p r o x im a t e ly  83 p e r c e n t  o f  t h e  t o t a l  d a t a  r e c o r d s  i n  t h e  i n t e n s i v e  
s u r v e y  d a t a b a s e  e x a m i n e d  w e r e  d i s c a r d e d  i n  t h e  s c r e e n i n g  p r o c e s s ,  
f a l l i n g  o u t s i d e  o f  t h e  b oundary  c r i t e r i a  f o r  t h e  model  d e ve lopm en t .  I t  
s h o u ld  be n o te d  t h a t  r o u g h l y  h a l f  o f  t h e  r e c o r d s  w ere  d i s c a r d e d  b e c a u se  
t h e y  w e r e  t a k e n  a t  n i g h t  when  S t a t e  c o n d u c t e d  m o n i t o r i n g  d o e s  n o t  
t y p i c a l l y  i n c l u d e  c h l o r o p h y l l  s a m p l e s .  F u r t h e r m o r e ,  a l a r g e  number o f  
o b s e r v a t i o n s  w ere  d i s c a r d e d  b e c a u se  t h e y  d id  n o t  c o n t a i n  c o i n c i d e n t  d a t a  
f o r  a l l  o f  t h e  c r i t i c a l  p a r a m e t e r s  ( i e  C_CHLA, TKN, B0 D2 q)« 48 p e r c e n t  
o f  a l l  t h e  c h l o r o p h y l l  a d a t a  f e l l  b e l o w  t h e  l i m i t  o f  10  u g / 1 .  T h i s  
l a t t e r  o b s e r v a t i o n  s u g g e s t s  t h a t ,  a l t h o u g h  e u t r o p h i c a t i o n  i s  c l e a r l y  a 
s i g n i f i c a n t  p r o b l e m  i n  L o u i s i a n a ' s  r i v e r s  and  s t r e a m s ,  i t  d i d  n o t  
p r e d o m i n a t e  in  t h e  i n t e n s i v e l y  m o n i to r e d  segm en ts .
The f i l t e r i n g  p r o c e s s  r e s u l t e d  i n  a d e c r e a s e  i n  v a r i a b i l i t y  f o r  the  
tw o  m a i n  n u t r i e n t  p a r a m e t e r s  i n  t h e  d a t a  s e t .  F o r  e x a m p l e ,  t h e  
u n f i l t e r e d  d a t a  s e t  TKN d a t a  ( T a b l e  3 . )  h a d  a s t a n d a r d  d e v i a t i o n  o f  
4 .148 ,  c o r r e s p o n d i n g  t o  a c o e f f i c i e n t  o f  v a r i a t i o n  o f  153%, w h i l e  a f t e r  
d i s c a r d i n g  t h o s e  o b s e r v a t i o n s  w h e r e  c h l o r o p h y l l  £i d a t a  was  e i t h e r  
m i s s i n g  o r  b e l o w  10 .0  u g / 1  ( T a b l e  5 . )  t h e  c . v .  w as  r e d u c e d  t o  122%. A 
s i m i l a r  r e d u c t i o n  was o b s e rv e d  i n  t h e  TP d a t a  where  t h e  c.v.  went  from 
201% t o  143%. I t  a p p e a r s  t h a t  t h e  f i l t e r i n g  p r o c e s s  was  e f f e c t i v e  i n  
d e f i n i n g  a g e n e r a l l y  l e s s  v a r i a b l e  s u b s e t  o f  t h e  u n f i l t e r e d  d a t a .
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T a b l e  5.  Summary o f  d a t a  s u b s e t  f i l t e r e d  t o  b e s t  r e p r e s e n t  c o n d i t i o n s  
w here  a l g a e  a r e  a b l e  and l i k e l y  t o  p r e d o m i n a te .
( i e .  C_CHLA > 1 0 .0  u g / 1  )
BOD20 TP TKN C_CHLA
(mg/1 ) (m g/1 ) (m g /1) ( u g / 1 )
Mean 19.47 0.872 2.881 38.99
S.D. 3 8 .8 4 1.249 3.513 3 5 .5 8
Minimum 2 . 3 0 0 .0 5 0 0 .1 3 0 10.20
Maximum 519 .00 7.800 29 .300 240 .60
N 262 262 262 263
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T ab le  6 .  D i s t r i b u t i o n  o f  t h e  f i l t e r e d  LA DEQ d a t a  among s t r e a m  segments  
i n  t h e  s t a t e  o f  L o u i s i a n a .
SEGMENT OBSERVATIONS PERCENT OF
NUMBER TOTAL
0203 8 3 .042
0207 32 12.167
0402 20 7.605
0404 15 5 .703
0408 17 6 .464
0409 10 3 .802
0411 5 1.901
0415 11 4 .1 8 3
0418 11 4 .1 8 3
0501 6 2.281
0504 7 2 .662
0505 22 8 .365
0515 3 1.141
0517 8 3 .042
0533 17 6 .464
0607 4 1.521
0801 2 0 .7 6 0
0815 5 1.901
1003 6 2.281
1005 18 6 .8 4 4




1109 2 0 .7 6 0
1211 22 8 .365
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was e f f e c t i v e  i n  d e f i n i n g  a g e n e r a l l y  l e s s  v a r i a b l e  s u b s e t  o f  t h e  
u n f i l t e r e d  d a t a .
STORET NATIONAL DATA. A t o t a l  o f  7227 o b s e r v a t i o n s  were  o b t a i n e d  i n  th e  
STORET r e t r i e v a l  f o r  t h e  w a rm e s t  months  o f  May th ro u g h  Sep tember .  Tab le  
7 p r e s e n t s  a s t a t i s t i c a l  summary o f  t h e  r e q u e s t e d  d a t a .  T ab le  8 p r e s e n t s  
a b r e a k d o w n  o f  t h e  d i s t r i b u t i o n  o f  t h e  d a t a  among t h e  s t a t e s ,  w h i l e  
T a b l e  9 p r e s e n t s  t h e  m o n t h l y  d i s t r i b u t i o n  o f  t h e  o b s e r v a t i o n s .  
C o r r e l a t i o n  a n a l y s i s ,  a s  d e s c r i b e d  above f o r  t h e  i n t e n s i v e  s u rv e y  d a t a  
s h o w e d  s t r o n g  c o r r e l a t i o n  b e t w e e n  BOD20 a n d  t o t a l  o r t h o - p h o s p h a t e  
( r=0 .70 ,  n=1851). D i s s o l v e d  n i t r i t e - n i t r a t e  and t o t a l  o r g a n i c  K j e l d a h l  
n i t r o g e n  (TOKN) had n u m e r i c a l l y  h i g h e r  c o r r e l a t i o n  c o e f f i c i e n t s  (r=0.78 
and 0.77 r e s p e c t i v e l y )  b u t  had r e l a t i v e l y  few o b s e r v a t i o n s  (n=40 and 24 
r e s p e c t i v e l y ) .
The same g e n e r a l  f i l t e r i n g  c r i t e r i a  a s  d i s c u s s e d  above was u sed  i n  
i d e n t i f y i n g  a s u b s e t  o f  t h e  STORET d a t a  t h a t  would  be r e p r e s e n t a t i v e  o f  
a l g a l  d o m i n a t e d  s t r e a m s .  H o w e v e r ,  i n  t h i s  c a s e  t h e  10 u g / 1  c o r r e c t e d  
c h l o r o p h y l l  a_ t h r e s h o l d  c i t e d  i n  t h e  l i t e r a t u r e  f o r  a l g a l  p r o b l e m s  i n  
o t h e r  p a r t s  o f  t h e  c o u n t r y  was  u s e d ,  a s  o p p o s e d  t o  t h e  h i g h e r  15 u g / 1  
v a l u e  used  w i t h  th e  L o u i s i a n a  d a t a .  A summary o f  t h e  f i l t e r e d  s u b s e t  i s  
p r e s e n t e d  i n  T ab le  10, w h i l e  T a b l e  11 p r e s e n t s  t h e  d i s t r i b u t i o n  o f  th e  
d a t a  among t h e  s t a t e s .  A c o m p l e t e  d a t a  l i s t i n g  i s  p r e s e n t e d  i n  Appendix 
B. With t h i s  f i l t e r e d  s u b s e t ,  t h e  b e s t  c o r r e l a t i o n s  w i t h  BOD20 were  w i t h  
TKN ( r=0.49 ,  n s=204) and t o t a l  ammonia ( r=0 .51 ,  n=308).
The f i l t e r i n g  p r o c e s s  r e s u l t e d  i n  an even  more  d r a m a t i c  r e d u c t i o n  
i n  p a r a m e t e r  v a r i a b i l i t y  i n  th e  STORET d a t a  th a n  was o b s e r v e d  i n  t h e  LA 
DEQ d a t a .  The  f u l l  STORET d a t a  s e t  ( T a b l e  7) had  e n o r m o u s  c . v . ' s  f o r
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BOD20  (813%),  TKN (432%) a n d  TP (1028%).  A f t e r  t h e  d a t a  h a d  b e e n  
f i l t e r e d  ( T a b l e  10) t h e s e  c . v ' s  w e r e  r e d u c e d  t o  100%, 107%, and 151% 
r e s p e c t i v e l y .
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T a b le  7 .  S t a t i s t i c a l  summary o f  t h e  s t o r e t  d a t a  r e t r i e v a l .






BOD20 9330 22 .250 180 .860 30 .122 9400.000 0.000
BOD 5 8429 6 .529 35 .215 26 .490 1680.000 0 .080
C CHLA F 319 13.692 20 .270 3 .180 129.000 0 .300
U CHLA 158 24 .703 33.901 2 .233 206 .100 0.100
C_CHLA S 330 18.969 23 .202 5 .7 3 9 290 .000 0.000
CHLA 141 0 .6 7 5 1.342 5 .236 10.600 0.000
DO 5382 7.647 5.107 39 .750 310 .000 0.000
DO PROBE 1709 7 .533 2 .515 0.281 19.500 0.100
TN 170 0 .7 3 0 0 .7 3 6 7 .824 8 .6 4 0 0 .1 5 0
ORG N 2714 0 .9 0 9 2 .528 24 .886 90 .390 0.010
DKN 108 1.105 1.011 1 .474 4 .3 8 0 0.100
TKN 4766 2 .4 8 7 10.740 30 .589 519 .000 0 .010
TORN 31 1.586 3 .463 4 .0 1 7 17.290 0 .220
TN02N03 3943 1.035 2 .239 11 .638 55 .000 0.001
DN02N03 44 0 .3 9 0 0 .755 5.548 5 .000 0.010
DNH3NH4 68 0 .0 9 2 0 .0 9 0 2 .109 0 .4 5 0 0 .010
TNH3NH4 7526 1 .009 6 .124 53.079 4 42 .000 0.001
TP 6082 0 .8 6 3 8 .8 7 2 4 3 .096 500 .000 0 .006
P04 475 0 .6 5 9 0 .905 2 .4 1 8 5 .966 0.020
T P04 2122 0.401 1 .150 4 .2 9 3 9 .5 0 0 0.001
D P04 679 0 .419 1 .389 8 .2 0 8 17 .000 0.001
TEMP 7218 19.558 6 .577 - 0 . 7 6 0 4 3 .0 0 0 0.000
P a ra m e te r  A b b r e v i a t i o n s :
C_CHLA_F - C o r r e c t e d  c h l o r o p h y l l  a by f l u o r i m e t r y
U CHLA - U n c o r r e c t e d  c h l o r o p h y l l  a
C_CHLA S - C o r r e c t e d  c h l o r o p h y l l  a by s p e c t r o p h o t o m e t r y
CHLA - C h l o r o p h y l l  a
DKN •p D i s s o l v e d  K j e l d a h l  n i t r o g e n
TOKN - T o t a l  o r g a n i c  K j e l d a h l  n i t r o g e n
ORG N - O rg a n ic  n i t r o g e n
TN02N03 - T o t a l  n i t r i t e s  & n i t r a t e s
DN02N03 - D i s s o l v e d  n i t r i t e s  & n i t r a t e s
TNH3NH4 - T o t a l  ammonia
DNH3NH4 - D i s s o l v e d  ammonia
P04 - O r th o -p h o s p h o ru s
T_P04 - T o t a l  o r t h o - p h o s p h o r u s
D P04 - D i s s o l v e d  o r t h o - p h o s p h o r u s
DOJPROBE - D i s s o l v e d  oxygen by e l e c t r o n i c  probe
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T a b l e  8 . The  d i s t r i b u t i o n  o f  d a t a  i n  t h e  STORET r e t r i e v a l  among  t h e  
s t a t e s .
S t a t e  O b s e r v a t i o n s  P e r c e n t  o f  T o t a l
Alabama 31 0 .3 4
A rkansas 33 0 .3 6
C a l i f o r n i a 4 0 .0 4
Delaware 69 0 .7 5
F l o r i d a 78 0 .8 5
G e o rg ia 2 0.02
Idaho 82 0 .9 0
I l l i n o i s 6 0 .0 6
I n d i a n a 452 4 . 9 4
Iowa 31 0 .3 4
Kansas 21 0 .2 3
Kentucky 328 3 .59
Maine 113 1 .24
M a s s a c h u s e t t s 60 0 .66
Michigan 1323 14 .46
M inneso ta 65 0 .71
M is s o u r i 142 1.55
Nebraska 15 0 .1 6
Nevada 121 1.32
New J e r s e y 489 5 .35
New York 56 0.61
N or th  C a r o l i n a 13 0 .1 4
N or th  Dakota 18 0 .20
Ohio 2660 29 .08
Oklahoma 100 1.09
Oregon 116 1.27
P e n n s y l v a n i a 740 8 .0 9
South  C a r o l i n a 616 6 .73
South  Dakota 2 0.02
T en n e ssee 213 2 .33
Texas 12 0 .1 3
Vermont 82 0 . 9 0
V i r g i n i a 16 0 .1 8
Washington 101 1.10
West V i r g i n i a 892 9 .75
W iscons in 28 0 .31
No S t a t e
S p e c i f i e d 178 1 .94
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T a b l e  9.  D i s t r i b u t i o n o f  t h e  d a t a  i n  t h e  STORET r e t r i e v a l a m o n g  t h e  
months  o f  t h e  y e a r .
Month O b s e r v a t i o n s P e r c e n t  o f  T o t a l
J a n . 176 1 .90
Feb . 170 1.84
Mar. 216 2 .34
Apr. 340 3 .69
May 550 5 .9 6
J u n . 970 10.51
J u l . 1506 16.32
Aug. 2681 29 .06
S e p t . 1459 15.81
O ct . 725 7 .86
Nov. 230 2 .49
Dec. 203 2 .20
T ab le  10. S t a t i s t i c a l  summary o f  the  
( C_CHLA>10 u g / 1 )
f i l t e r e d  STORET d a t a .
P a ra m e te r O b s e r v a t i o n s  Mean S.D. Min Max.
B0D20 mg/1 310 9 .12 9 .1 2 0 .6 116 .0
BOD5 mg/I 277 3 .56 2 .9 6 0 . 4 2 0 .5
TKN mg/1 206 1.241 1.331 0.100 11.00
Ammonia mg/1 310 0 .473 0 .731 0.001 6 .199
NO2 /NO3 mg/1 125 1.836 3 .552 0 .00 17 .00
TP mg/1 286 0 .3 1 0 0 .4 6 9 0.020 3 .789
mg/I 265 0.141 0 .214 0 .0 0 2 .149
DO mg/1
C CHLA S1 u g /1
25 6 .88 2 .71 1 .3 0 13 .70
192 25 .49 17.01 10.0 101 .5
C_CHLA_F2 u g /1 118 29 .86 26 .07 10.0 129 .0
1.  C o r r e c t e d  c h l o r o p h y l l  a by s p e c t r o p h o t o m e t r y
2 .  C o r r e c t e d  C h lo r o p h y l l  a by f l u o r i m e t r y
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T ab le  11 .  D i s t r i b u t i o n  o f  t h e  f i l t e r e d  STORET d a t a  among th e  s t a t e s .  
( C__CHLA > 1 0 .0  u g /1  )
S t a t e  O b s e r v a t i o n s  P e r c e n t  o f  T o t a l
Delaware 29 9 . 4
Idaho 5 1.6
M a s s a c h u s e t t s 8 2 .6
M ichigan 95 3 0 .8
M inneso ta 20 6 . 5
M is s o u r i 4 1 .3
New J e r s e y 3 1 .0
New York 7 2 . 3
Ohio 23 6 .8
P e n n s y l v a n i a 73 2 3 .7
T en n e ssee 1 0 . 3
V i r g i n i a 1 0 . 3
No S t a t e  S p e c i f i e d 41 13 .3
CHAPTER V
CRITERIA MODEL DEVELOPMENT
T h i s  c h a p t e r  d e t a i l s  t h e  i d e n t i f i c a t i o n  o f  a r e l a t i o n s h i p  be tw ee n  
t h e  c r i t i c a l  n u t r i e n t  p a r a m e t e r  and  20 d a y  BOD i n  t h e  LA DEQ d a t a  s e t .  
The  g e n e r a l  n a t u r e  o f  t h e  r e l a t i o n s h i p s  b e t w e e n  TP, TKN a n d  BOD2Q a r e  
d e s c r i b e d  and e v a l u a t e d  t o  d e t e r m i n e  t h e  b e s t  p r e d i c t i v e  model  o v e r  the  
r e g i o n  o f  p r a c t i c a l  BOD20 s t a n d a r d  v a l u e s .  The STORET d a t a  a r e  s i m i l a r l y  
e v a l u a t e d  and th e  r e s u l t s  compared w i t h  t h o s e  f rom th e  LA DEQ d a t a .
MODEL IDENTIFICATION
A l l  o f  t h e  m o d e l  d e v e l o p m e n t  and  p r e l i m i n a r y  e v a l u a t i o n s  w e r e  
c o n d u c t e d  u s i n g  t h e  LA DEQ d a t a  o n l y .  The STORET d a t a  was  u s e d  
p r i n c i p a l l y  f o r  co m p a r i s o n  w i t h ,  and v e r i f i c a t i o n  o f  t h e  r e s u l t s  from 
th e  L o u i s i a n a  d a t a .
The  f i l t e r e d  d a t a ,  a s  d e f i n e d  i n  t h e  p r e v i o u s  s e c t i o n  and  
summarized  i n  T a b le  5,  show a two phase  r e l a t i o n s h i p  i n  p l o t s  o f  BOD20 
a g a i n s t  b o t h  TP and  TKN ( F i g u r e s  3 & 4 ) .  I n  b o t h  c a s e s  t h e r e  a p p e a r s  t o  
b e  a r e g i o n  o f  i n c r e a s i n g  BOD v a l u e s  w i t h  i n c r e a s i n g  n u t r i e n t  
c o n c e n t r a t i o n s  up  t o  a BOD l e v e l  o f  a b o u t  35.0  m g / 1 ,  b e y o n d  w h i c h  t h e  
r e l a t i o n s h i p s  a p p e a r  t o  f l a t t e n  o u t .  T h e r e  i s  a t h e o r e t i c a l  b a s i s  f o r  
t h i s  o b s e r v a t i o n  i n  t h a t  a s  n u t r i e n t s  i n c r e a s e  i n  c o n c e n t r a t i o n ,  a l g a e ,  
and by e x t e n s i o n  BOD2Q, would  be e x p e c te d  t o  be i n c r e a s i n g l y  l i m i t e d  by 
o t h e r  f a c t o r s ,  s u c h  a s  l i g h t  (M ur ,  1 980 ) .  E v e n t u a l l y  t h e r e  w i l l  be  a 
p o i n t  w h e r e  a l g a l  b i o m a s s  i s  i n d e p e n d e n t  o f  n u t r i e n t s  and  p h y s i c a l  
f a c t o r s  become t h e  c r i t i c a l  c o n t r o l l i n g  i n f l u e n c e .
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Figure 3. A plot of observed BOD2Q versus TP in the filtered LA DEQ data
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Figure 4. A plot of obeerved B0D2p versus TKN in the filtered LA DEQ




i d e n t i f y  o u t l i e r  p o i n t s .  There  a r e  a h a n d f u l  o f  o b s e r v a t i o n s  in  F ig u r e s  
3 and 4 t h a t  a p p e a r  t o  be obv ious  o u t l i e r s  which  may d i s p r o p o r t i o n a t e l y  
i n f l u e n c e  t h e  f i t t i n g  o f  a m o d e l  t o  t h e  d a t a .  I n f l u e n t i a l  o b s e r v a t i o n  
a n a l y s i s  (Montgomery and Peck ,  1982) i d e n t i f i e d  18 o b s e r v a t i o n  r e c o r d s  
w h ich  were  d i s p r o p o r t i o n a t e l y  i n f l u e n t i a l  i n  f i t t i n g  l i n e a r  mode ls  t o  
t h e  d a t a .  Appendix C c o n t a i n s  a l i s t i n g  o f  t h e  SAS program used  i n  t h i s  
a n a l y s i s .  I t  was co n c lu d ed  t h a t  t h e s e  18 p o i n t s  were n o t  r e p r e s e n t a t i v e  
o f  t h e  same p o p u l a t i o n  a s  t h e  b a l a n c e  o f  t h e  d a t a .  I n  e a c h  c a s e ,  one  o r  
more o f  t h e  p a r a m e t e r  v a l u e s  were  e x t r e m e l y  h i g h  r e l a t i v e  t o  th e  r e s t  o f  
th e  d a t a  (T ab le  12.).  These o b s e r v a t i o n s ,  i d e n t i f i e d  i n  F i g u r e s  3 & 4 by 
c i r c l e s ,  were  d i s c a r d e d .
P i e c e w i s e  r e g r e s s i o n  was used  t o  f i t  two phase  l i n e a r  models  t o  th e  
r e m a i n i n g  d a t a  u s i n g  e i t h e r  TP o r  TKN. Th i s  t e c h n i q u e  a l l o w s  f o r  f i t t i n g  
b o th  th e  u s u a l  r e g r e s s i o n  p a r a m e t e r s  o f  s l o p e  and i n t e r c e p t ,  as  w e l l  a s  
t h e  j o i n i n g  p o i n t  w h e r e  t h e  tw o  f u n c t i o n s  m e e t .  A l i s t i n g  o f  t h e  SAS 
p r o g r a m  u s e d  i n  f i t t i n g  t h e  m o d e l  i s  p r e s e n t e d  i n  A p p e n d i x  C. The 
a n a l y s i s  r e s u l t e d  i n  two f u n c t i o n s  d e s c r i b i n g  t h e  d a t a  i n  t e r m s  o f  TKN:
BOD20 = 0 . 7 9  + 6 .4 3  TKN where TKN < 6 . 0  mg/1 ( 8 )
and
bod20 = 9 *63 + 2 *99 TKN e l s e w h e r e  (9 )
The i n t e r c e p t  t e r m  i n  e q u a t i o n  8 was n o t  s i g n i f i c a n t l y  d i f f e r e n t  from 
z e r o .  T h u s ,  t h e  d a t a  i s  d e s c r i b e d  by a z e r o  i n t e r c e p t  f u n c t i o n  b e l o w  a 
TKN o f  6.0 mg/1 and t h e  much f l a t t e r  f u n c t i o n  r e p r e s e n t e d  by e q u a t i o n  9 
above t h i s  v a l u e .
A s i m i l a r  p i e c e w i s e  r e g r e s s i o n  u s i n g  TP r e s u l t e d  i n  t h e  d e f i n i t i o n  
o f  t h e  f o l l o w i n g  two f u n c t i o n s  d e c r i b i n g  th e  d a t a :
BOD20 i  4 . 9 4  + 16 .15  TP where TP < 1 .9 0  mg/1 (10)
and




















O u t l i e r  r e c o r d s  t h a t  w ere  d i s c a r d e d  f rom c o n s i d e r a t i o n  i n  th e  
d e v e lo p m e n t  o f  t h e  n u t r i e n t  c r i t e r i a  model .
C o r r e c t e d
Sample BOD-q TP TKN C h lo r o p h y l l  a
Name mg/1 mg/1 mg/1 ug /1
D3 4 3 .2 9 3 .1 0 15 .00 71.81
JP10 106.50 3 . 2 4 10.20 13 .30
WC5 63 .6 0 1.91 5 .2 2 55 .70
BYF2 519 .00 4 . 4 4 12 .60 3 9 .30
BYF3 279 .00 2 .71 3 .6 9 16 .50
BYF4 8 3 .4 0 1.71 2 .17 39 .10
BV11B 16.20 0 .5 5 0 .1 3 13 .30
D2 37 .28 7 .8 0 14 .82 22.11
TB2 115 .50 4 .51 15 .50 30 .10
TB3 66 .70 1 .55 6 .15 235 .00
TB4 66.10 4 . 2 5 6 .5 3 240.60
TB4A 6 2 .3 0 2 .5 0 7 .46 57 .20
D2 2 6 .78 4 . 5 3 12.71 105.80
D3 2 7 .8 0 4 . 9 7 11.91 54 .40
MN3 114.50 3 . 4 0 12.00 22 .50
D2 5 .6 0 0 .20 7 .32 11.20
0R4 3 5 .8 0 5 .7 3 13 .21 34 .00
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I n  t h i s  c a s e ,  a l l  m o d e l  p a r a m e t e r s  w e r e  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  
z e r o .  W i t h  b o t h  n u t r i e n t  p a r a m e t e r s ,  t h e  j o i n t s  b e t w e e n  t h e  tw o  
f u n c t i o n s  a r e  a t  o r  above BOD20 c o n c e n t r a t i o n s  t h a t  m ig h t  n o r m a l l y  be 
c o n s i d e r e d  a c c e p t a b l e  a m b ie n t  s t r e a m  l e v e l s  ( i e .  39 .4  m g /1  f o r  TKN=6.0 
mg/1 and 35.6 mg/1 f o r  TP=1.90 mg/1).  D ata  above t h e s e  l e v e l s  r e p r e s e n t  
c o n d i t i o n s  where n u t r i e n t  c o n c e n t r a t i o n s  a r e  d e c r e a s i n g l y  c r i t i c a l  t o  
a l g a l  b i o m a s s .  T h i s  i s  e v i d e n t  i n  t h e  s u b s t a n t i a l l y  r e d u c e d  s l o p e s  i n  
t h e  u p p e r  r e g i o n  e q u a t i o n s  ( i e .  9 and  1 1 ) .  More  i m p o r t a n t l y ,  BOD20 
l e v e l s  a r e  a t  o r  beyond n o r m a l l y  a c c e p t a b l e  i n  s t r e a m  c o n c e n t r a t i o n s  a t  
th e  j o i n t s .  The r e g i o n  o f  p r i n c i p l e  co n c e rn  t o  r e g u l a t o r y  a g e n c i e s  must  
l i e  b e l o w  t h e  p o i n t  w h e r e  BOD20 l e v e l s  a r e  e x c e s s i v e .  T h u s ,  t h e  l o w e r  
r e g i o n  o f  th e  d a t a  i s  where  a c c e p t a b l e  c o n d i t i o n s ,  and t h u s  r e a s o n a b l e  
s t a n d a r d s  mus t  l i e .  F u r t h e r  model  deve lopm en t  was l i m i t e d  t o  t h e  lo w e r  
r e g i o n  f u n c t i o n s .
C o r r e l a t i o n  a n a l y s i s  o f  t h e  d a t a  shows t h a t  TP and TKN a r e  f a i r l y  
h i g h l y  c o r r e l a t e d  ( r = 0 . 7 5  i n  t h e  f u l l  d a t a  s e t ,  r - 0 . 6 0  i n  t h e  f i l t e r e d  
s u b s e t  w here  TKN < 6.0 mg/1) .  The m a g n i tu d e  o f  t h i s  c o r r e l a t i o n  i s  shown 
i n  F i g u r e  5. The s i g n i f i c a n c e  h e r e  i s  t h a t  t h e  i n c l u s i o n  o f  one o f  t h e s e  
two p a r a m e t e r s  i n  a model  t h a t  a l r e a d y  c o n t a i n s  t h e  o t h e r  w i l l  s u p p ly  
v e ry  l i t t l e  a d d i t i o n a l  i n f o r m a t i o n .  I t  was n e c e s s a r y  t o  d e t e r m i n e  which  
o f  t h e  tw o  p a r a m e t e r s  s u p p l i e s  t h e  m o s t  i n f o r m a t i o n  a b o u t  BOD2Q. 
E x a m in a t io n  o f  t h e  f u n c t i o n s  f o r  TKN and TP f o r  t h e  l o w e r  r e g i o n  o f  the  
d a t a  ( i e .  TKN<6.0 o r  TP<1„90) s h o w e d  t h a t  t h e  TKN m o d e l ,  w i t h  a mean  
s q u a r e  e r r o r  (MSE) o f  1 8 .5 ,  h a d  l e s s  e r r o r  a s s o c i a t e d  w i t h  i t s  
p r e d i c t i o n s  t h a t  t h e  TP mode l ,  w i t h  a MSE o f  38.4.  I n  o t h e r  w ords ,  u s i n g  
TKN a s  a p r e d i c t o r  o f  BOD20 r e s u l t s  i n  a t i g h t e r  f i t  o f  o b s e r v e d  d a t a  
p o i n t s  abou t  th e  model  l i n e .
4 6 8 10 12 14 16 18 20 22 24 26 28 30
TOTAL KJELDAHL NITROGEN (mQ/i)
Figure 5. A plot of observed TP versus TKN in the filtered LA DEQ data
set. The circled points were subsequently identified as
outliers (n=262).
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NITROGEN AS THE CRITICAL NUTRIENT
The r e g r e s s i o n  r e s u l t s  s u g g e s t  t h a t  n i t r o g e n  i s  t h e  p r i n c i p l e  
c r i t i c a l  n u t r i e n t  t o  a l g a l  b io m ass  and a s s o c i a t e d  BOD20. T h i s  c o n c l u s i o n  
i s  s u p p o r t e d  by e x a m i n a t i o n  o f  t h e  d i s t r i b u t i o n  o f  TKN/TP r a t i o s  (F ig u re  
6). The m a j o r i t y  o f  s t r e a m s  r e p r e s e n t e d  i n  t h e  f i l t e r e d  d a t a  s u b s e t  had 
N:P r a t i o s  l e s s  t h a n  10 ,  t h e  c u t - o f f  p o i n t  b e l o w  w h i c h  n i t r o g e n  i s  
g e n e r a l l y  assumed t o  be th e  c r i t i c a l  n u t r i e n t .  The mean TKN/TP r a t i o  f o r  
t h e  f i l t e r e d  l o w e r  r e g i o n  d a t a  was 5 .2 ,  m a r g i n a l l y  l o w e r  t h a n  t h e  TKN/TP 
r a t i o  i n  t h e  LA DEQ d a t a  s e t  t a k e n  a s  a w h o l e .  I t  i s  n o t  s u r p r i s i n g  t o  
s e e  s u c h  a s t r o n g  r e l a t i o n s h i p  b e t w e e n  TKN and  BOD20 . U n d e r  t h e s e  
c o n d i t i o n s  a l g a l  b io m a s s  w i l l  be e f f e c t i v e l y  l i m i t e d  by th e  amount o f  
n i t r o g e n  a v a i l a b l e  i n  t h e  e n v i ro n m e n t .  I t  was c o n c lu d e d  t h a t  n i t r o g e n  
was t h e  c r i t i c a l  n u t r i e n t  i n  th e  v a s t  m a j o r i t y  o f  s t r e a m s  r e p r e s e n t e d  i n  
t h e  d a t a  s e t .  T h e s e  o b s e r v a t i o n s  a r e  c o n s i s t e n t  w i t h  t h e  b u l k  o f  
l i t e r a t u r e  on a l g a l  g ro w th  and p h y s io lo g y  i n  dynamic  s y s t e m s  w hich  f a v o r  
n i t r o g e n  a s  t h e  m o s t  c r i t i c a l  n u t r i e n t  t o  a l g a l  b i o m a s s  ( F o g g ,  1959 ;
S h e l e f  and  H a l p e r i n ,  1970 ;  F o r s b e r g ,  1977 ;  P a r k e r ,  1977 ;  D a r l e y ,  1982;  
G r o m i e c  e t .  a l ,  1983 ;  J o r g e n s e n ,  1983 ;  L o u c k s ,  1983 ;  W h i t e h e a d  and 
W i l l i a m s ,  1984).
The i n t e r c e p t  t e r m  i n  e q u a t i o n  8 i s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  
f rom z e r o .  T h e r e f o r e ,  i t  i s  a p p r o p r i a t e  t o  r e f i t  t h e  model  u s i n g  a z e r o  
i n t e r c e p t  r e g r e s s i o n .  M oreover ,  i t  was n o te d  t h a t  t h e  v a r i a b i l i t y  i n  th e  
BOD d a t a  s u g g e s t e d  n o n - h o m o g e n e o u s  v a r i a n c e ,  i n c r e a s i n g  w i t h  TKN 
c o n c e n t r a t i o n .  A w e i g h t e d ,  z e r o  i n t e r c e p t  r e g r e s s i o n  was p e r fo rm e d  u s i n g  
a v a r i a n c e  w e i g h t  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  s q u a r e  o f  TKN. T h i s  
t y p e  o f  v a r i a n c e  r e l a t i o n s h i p  i s  t y p i c a l  f o r  b i o l o g i c a l  s y s t e m s  (N e te r ,
43
F i g u r e  6
70 r
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. The d i s t r i b u t i o n  o f  TKN:TP r a t i o s  i n  t h e  f i l t e r e d  LA DEQ d a t a  
s e t  ( n * 2 6 2 ) .
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W a s s e r m a n  and  K u t n e r ,  1 9 8 5 ) .  A l i s t i n g  o f  t h e  SAS p r o g r a m  u s e d  i n  t h i s  
a n a l y s i s  i s  p r e s e n t e d  i n  A p p e n d i x  C. T h i s  r e g r e s s i o n  r e s u l t e d  i n  t h e  
f o l l o w i n g  r e f i n e m e n t  o f  t h e  mode l:
BOD2 q ( m g / 1 )  = 7.13 * TKN (mg/1) (12)
The z e r o  i n t e r c e p t  c o n d i t i o n  i m p l i e s  t h a t  t h e r e  s h o u l d  b e  no o x y g e n  
d em an d  i n  t h e  a b s e n c e  o f  TKN. T h i s  l i n e a r  f u n c t i o n ,  a p p l i e d  o v e r  t h e  
r e s t r i c t e d  r e g i o n  i s  s u g g e s t e d  a s  t h e  b a s i c  n u t r i e n t  c r i t e r i a  model .  The 
m o d e l  p r e d i c t s  w h a t  t h e  m e a n  BOD2 q l e v e l  t h a t  may b e  e x p e c t e d  t o  be 
o b s e r v e d  f o r  a n y  g i v e n  TKN c o n c e n t r a t i o n ,  w i t h i n  t h e  c o n s t r a i n t s
d e f i n i n g  t h e  d e v e l o p m e n t  d a t a  s e t  ( i e .  c h l o r o p h y l l  a g r e a t e r  t h a n  10 
u g / 1  and  TKN l e s s  t h a n  o r  e q u a l  t o  6 .0  m g / 1 ) .
F i g u r e  7 p r e s e n t s  a c o m p a r i s o n  o f  m o d e l  p r o j e c t i o n s  w i t h  t h e  
o b s e rv e d  d a t a  o ver  th e  c r i t i c a l  r e g i o n  where  TKN i s  l e s s  t h a n  o r  eq u a l  
t o  6.0 m g / 1 .  T h i s  f i g u r e  a l s o  s h o w s  t h e  u p p e r  a n d  l o w e r  90% c o n f i d e n c e  
bounds  ab o u t  th e  model  p r o j e c t i o n  l i n e .  The i n c r e a s e d  v a r i a b i l i t y  i n  the  
d a t a  s u g g e s t s  t h a t  B 0 D 2 q i s  b e c o m i n g  d e c r e a s i n g l y  a s s o c i a t e d  w i t h  
n u t r i e n t s  a t  e l e v a t e d  l e v e l s .  As n u t r i e n t s  become i n c r e a s i n g l y  abundan t ,  
o t h e r  f a c t o r s  b e g i n  t o  l i m i t  t h e  a b i l i t y  o f  t h e  a l g a l  p o p u l a t i o n  t o  
i n c r e a s e  i n  s i z e .  The r e l a t i o n s h i p  b e t w e e n  n u t r i e n t s  and  a l g a l  b a s e d  
oxygen demand b e g i n s  t o  weaken as  a consequence .  The f a c t  t h a t  a low er  
s l o p e  w as  o b s e r v e d  i n  u p p e r  r e g i o n  o f  t h e  r e l a t i o n s h i p  i n d i c a t e s  t h a t  
beyond some n u t r i e n t  l e v e l  a l g a l  b a sed  oxygen demand i n c r e a s e s  a t  a much 
l o w e r  r a t e ,  a s  t h e  maximum p o p u l a t i o n  b i o m a s s  w i l l  b e  i n c r e a s i n g l y  
l i m i t e d  by some o t h e r  f a c t o r .  The p i e c e w i s e  r e g r e s s i o n  r e s u l t s  s u g g e s t  
t h a t  t h i s  u p p e r  l i m i t  i s  a t  a b o u t  4 0 .0  mg/1  BOD2 Q* The TKN b a s e d  m o d e l  
i s  b o th  c o n s i s t e n t  w i t h  t h e o r y  i n  i t s  g e n e r a l  form and p r o v i d e s  a good 
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F i g u r e  7 .  Compar ison  o f  t h e  model  p r o j e c t i o n s  w i t h  t h e  o b s e rv e d  d a t a  i n  
t h e  c r i t i c a l  r e g i o n  be low a TKN o f  6.0 mg/1 (n=225).
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NATIONAL DATA SET COMPARISON
The STORET d a t a  s u b s e t ,  d e f i n e d  by th e  i n i t i a l  c r i t e r i a  d i s c u s s e d  
p r e v i o u s l y  ( i e .  warm month d a t a  and c h l o r o p h y l l  a l e v e l s  a t  o r  above 10 
u g / 1 )  and  f i l t e r e d  f o r  o u t l i e r s ,  d i s p l a y s  t h e  sam e  f u n d a m e n t a l  
r e l a t i o n s h i p s  among n u t r i e n t s  and 20 day BOD (F ig u r e s  8 and 9) ,  a l b e i t  
w i t h  a good d e a l  more  v a r i a b i l i t y  e v i d e n t .  A s t a t i s t i c a l  summary o f  the  
d a t a  i s  p r e s e n t e d  i n  T a b l e  13.  O v e r a l l  l e v e l s  o f  n u t r i e n t  e n r i c h m e n t  
and  o x y g e n  dem an d  w e r e  g e n e r a l l y  l o w e r  i n  t h i s  d a t a  t h a n  i n  t h e  
L o u i s i a n a  s t r e a m  d a t a  and no o b s e r v a t i o n s  were p r e s e n t  above a TKN v a l u e  
o f  a b o u t  4.0 mg/1 o r  a BOD2Q v a l u e  o f  a bou t  14.0 mg/1.
The STORET d a t a  s e t  o f f e r e d  t h e  o p p o r t u n i t y  t o  e x a m i n e  s p e c i f i c  
n i t r o g e n o u s  c o m p o n e n t s  n o t  r e p r e s e n t e d  i n  t h e  LA DEQ d a t a .  One o f  t h e  
c r i t i c a l  f a c t o r s  i n  a BOD-TKN r e l a t i o n s h i p  s h o u ld  be th e  f r a c t i o n  o f  TKN 
r e p r e s e n t e d  by o r g a n i c  n i t r o g e n .  O r g a n i c  n i t r o g e n  w as  c a l c u l a t e d  a s  
b e i n g  t h e  d i f f e r e n c e  b e tw e e n  r e p o r t e d  TKN and t o t a l  ammonia.  There  was 
f a r  t o o  much v a r i a b i l i t y  i n  t h i s  d a t a  t o  d e t e c t  a n y  r e l a t i o n s h i p s  
b e t w e e n  o r g a n i c  f r a c t i o n  and  o v e r a l l  l e v e l  o f  n u t r i e n t  e n r i c h m e n t .  
However,  t h e  g e n e r a l  m a g n i tu d e s  r em a in ed  c o n s i s t e n t  w i t h  t h e  o b s e rv e d  
d a t a  and g e n e r a l  t h e o r e t i c a l  e x p e c t a t i o n s .  For  e x a m p le ,  a t  a TKN l e v e l  
o f  a b o u t  1.0 mg/1 t h e  o b s e rv e d  o r g a n i c  f r a c t i o n s  r anged  from ab o u t  0.05 
t o  0.95.  The s t o i c h i o m e t r y  would s u g g e s t  a r a n g e  o f  oxygen demand from 
a b o u t  5 .3  t o  18.9  m g / 1 .  The  a c t u a l  o b s e r v e d  d a t a  r a n g e d  f r o m  a b o u t  2 .0  
t o  13.5 mg/1 BOD2Q. I t  a p p e a r s  t h a t  t h e  o b s e rv ed  demand w i l l  be somewhat 
l o w e r  t h a n  t h a t  p r e d i c t e d  by t h e  s t o i c h i o m e t r y .
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Figure 8. A plot of observed BOD™ versus TP in the filtered
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Figure 9. A plot of observed BOD2Q versus TKN in the
filtered STORET data set (n=199).
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T ab le  13. S t a t i s t i c a l  summary o f  t h e  f i l t e r e d  STORET d a t a  w i t h  o u t l i e r s  
d i s c a r d e d .  ( C_CHLA>10 u g / 1 )
P a ra m e te r O b s e r v a t i o n s Mean S.D. Min Max.
B0D20 “ g / 1 199 6 .3 5 2 .7 3 0 .6 14 .0
TKN m g/I 199 1 .029 0 .5 7 9 0 .1 0 0 3 .84
Ammonia mg/1 199 0 .393 0 .348 0 .0 2 0 1.479
TP mg/1 184 0 .2 6 2 0.321 0 .050 3 .0 7 9
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EXAMINATION OF REGIONAL DIFFERENCES
U s i n g  t h e  l o w e r  r e g i o n  c r i t e r i a  d e s c r i b e d  p r e v i o u s l y ,  and 
c o n s i d e r i n g  o n l y  t h o s e  s t a t e s  w h e r e  a t  l e a s t  16 o b s e r v a t i o n s  w e r e  
p r e s e n t  i n  t h e  d a t a ,  an a n a l y s i s  o f  c o v a r i a n c e  was p e r fo rm e d  t o  exam ine 
th e  i n f l u e n c e  o f  r e g i o n a l  d i f f e r e n c e s  on t h e  BOD-TKN r e l a t i o n s h i p .  A "No 
Name" s t a t e  c l a s s i f i c a t i o n  was i n c l u d e d  t o  r e p r e s e n t  o b s e r v a t i o n s  t h a t  
d i d  n o t  i n c l u d e  t h e  s t a t e  o f  o r i g i n .  S in c e  t h e  model  i s  c o n s t r a i n e d  t o  a 
z e r o  i n t e r c e p t ,  any r e g i o n a l  d i f f e r e n c e s  s h o u ld  a p p e a r  a s  d i f f e r e n c e s  in  
t h e  BOD2 Q -  TKN s l o p e  f ro m  t h a t  f i t t e d  t o  t h e  L o u i s i a n a  d a t a .  T a b l e  14 
p r e s e n t s  t h e  r e s u l t s  o f  t h i s  a n a l y s i s .  M i n n e s o t a  and  D e l a w a r e  sh o w e d  
s l o p e s  s i g n i f i c a n t l y  d i f f e r e n t  from t h a t  o f  t h e  L o u i s i a n a  d a t a  a t  th e  95 
p e r c e n t  c o n f i d e n c e  l e v e l ,  w h i l e  P e n n s y l v a n i a  s h o w e d  a s i g n i f i c a n t l y  
d i f f e r e n t  s l o p e  a t  t h e  90 p e r c e n t  l e v e l .  The  s l o p e s  f o r  t h e s e  t h r e e  
s t a t e s  r a n g e d  f r o m  8 .44  f o r  P e n n s y l v a n i a  t o  4 .6 7  mg BOD20 /  mg TKN f o r  
M in n e s o ta .  Whi le  t h e s e  d i f f e r e n c e s  a r e  s t a t i s t i c a l l y  s i g n i f i c a n t ,  t h e y  
i n d i c a t e  a s t r o n g  u n d e r l y i n g  phenomena w i t h  some r e g i o n a l  v a r i a b i l i t y .
The s l o p e  o f  th e  BOD-TKN r e l a t i o n s h i p  i s  t h e o r e t i c a l l y  b ased  upon 
th e  d i s t r i b u t i o n  o f  n i t r o g e n  b e tw e e n  o r g a n i c  and i n o r g a n i c  com ponents ,  
m o d i f i e d  by  s i t e  s p e c i f i c  c o n s i d e r a t i o n s  s u c h  a s  a l g a l  p o p u l a t i o n  
c o m p o s i t i o n .  The p r e s e n c e  o f  a common s l o p e  among g e o g r a p h i c a l l y  d i v e r s e  
s u b s e t s  o f  t h e  STORET d a t a  s u g g e s t s  t h a t  t h e r e  may b e  some common 
u n d e r l y i n g  c h a r a c t e r i s t i c  t h a t  i s  s h a r e d  by  t h e  s t a t e s  t h a t  e x h i b i t  a 
common BOD-TKN s l o p e .  E x a m p l e s  o f  f a c t o r s  t h a t  m i g h t  be  e x p e c t e d  t o  
e f f e c t  t h e  r e l a t i o n s h i p  i n c l u d e  t e m p e r a t u r e ,  i n c i d e n t  l i g h t  i n t e n s i t y ,  
a n d  s p e c i f i c  l e v e l s  a n d  c o m p o s i t i o n s  o f  n u t r i e n t s  i n  t h e  w a t e r .  
E x a m i n a t i o n  o f  t h e  a v a i l a b l e  d a t a  s h o w e d  n o  p a r t i c u l a r  p a t t e r n  o f
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T a b l e  14.  R e s u l t s  o f  t h e  a n a l y s i s  o f  c o v a r i a n c e .  S t a t e  w as  t h e  
c o v a r i a b l e  i n  t h e  BOD-TKN m o d e l ,  c o n s i d e r i n g  o n ly  t h o s e  s t a t e s  h a v in g  
m o re  t h a n  15 o b s e r v a t i o n s .  The i n d i v i d u a l  s t a t e  e s t i m a t e s  a r e  f o r  t h e  
d i f f e r e n c e  b e t w e e n  t h e  s l o p e  f o r  t h e  LA DEQ d a t a  a n d  t h a t  f o r  t h e  
p a r t i c u l a r  s t a t e .
DEPENDENT VARIABLE: BOD20
SOURCE DF SUM OF SQUARES MEAN SQUARE F VALUE
MODEL 6 22089.86 3681 .64 302 .05
ERROR 396 4826 .72 121.19 PR > F
UNCORRECTED TOTAL 402 26916.58 0 .0001
R-SQUARE C.V. ROOT MSE BOD20 MEAN
0.8206 3 6 .72 3 .49 9. 508
T FOR HO: PR > !T! STD ERROR OF
PARAMETER ESTIMATE PARAMETERS ESTIMATE
L o u i s i a n a  s l o p e 7 .133 30 .65 0 .0001* 0 .2 3 4
D i f f e r e n c e DE - 1 . 1 6 6 - 1 . 6 9 0 .0912 0 .689
between MN 2 .459 2 .8 8 0 .0043* 0 .855
L o u i s i a n a OH 0 .0 8 9 0 .1 0 0 .9218 0 .9 0 3
a n d . . . PA - 1 . 3 0 3 - 2 . 7 7 0 .0059* 0 .470
NO NAME - 0 . 2 9 3 - 0 . 5 0 0 .6207 0 .593
E s t i m a t e  i s  s i g n i f i c a n t l y  d i f f e r e n t  from 0 a t  t h e  95% c o n f id e n c e  l e v e l
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d i f f e r e n c e s  i n  e i t h e r  p h y s i c a l  o r  c h e m ic a l  p a r a m e t e r s  be tw ee n  t h e  s t a t e s  
w h e r e  t h e  d a t a  f i t s  t h e  L o u i s i a n a  m o d e l ,  and  t h o s e  w h e r e  a d i f f e r e n t  
s l o p e  i s  i n d i c a t e d .
In  summary,  t h e  n a t i o n a l  d a t a  a g r e e s  w e l l  w i t h  t h e  c r i t e r i a  model  
d e v e lo p e d  u s i n g  th e  L o u i s i a n a  i n t e n s i v e  s t r e a m  s u r v e y  d a t a .  The BOD2Q - 
TKN r e l a t i o n s h i p  i d e n t i f i e d  r e f l e c t s  fu n d a m e n ta l  p r o c e s s e s  and phenomena 
common t o  a wide  ra n g e  o f  g e o g r a p h i c a l l y  d i v e r s e  r i v e r s  and s t r e a m s .  The 
s t r e n g t h  o f  t h e  r e l a t i o n s h i p  i s  p a r t i c u l a r l y  s i g n i f i c a n t  g i v e n  t h e  
u n c o n t r o l l e d  q u a l i t y  and o r i g i n s  o f  t h e  STORET d a t a .
IMPACT OF THE MINIMUM CHLOROPHYLL REQUIREMENT
T h e r e  i s  a good d e a l  o f  u n c e r t a i n t y  i n  t h e  m a t t e r  o f  d e f i n i n g  a 
minimum c h l o r o p h y l l  a c o n c e n t r a t i o n  above w hich  w a t e r s  a r e  assumed t o  be 
a l g a l  d o m i n a t e d  (US EPA, 1 9 8 3 ) .  The c h o i c e  o f  s p e c i f i c  t h r e s h o l d  
c o n c e n t r a t i o n s  f o r  t h i s  r e s e a r c h  was  s o m e w h a t  a r b i t r a r y .  I n  o r d e r  t o  
e v a l u a t e  t h e  e f f e c t  o f  t h e  c h l o r o p h y l l  a r e q u i r e m e n t ,  t h e  d a t a  was  
e v a l u a t e d  w i t h o u t  t h i s  c o n s t r a i n t .  A f t e r  f i l t e r i n g  f o r  o u t l i e r s ,  a TKN 
model  was f i t t e d  t o  t h e  r e m a i n i n g  LA DEQ d a t a  i n  th e  r e g i o n  be low  a TKN 
o f  6 .0  m g / 1 .  A t o t a l  o f  1342 o b s e r v a t i o n s ,  o r  85% o f  t h e  o r i g i n a l  d a t a  
w as  u s e d  i n  t h i s  m o d e l ,  a s  c o m p a r e d  t o  225 o b s e r v a t i o n s ,  o r  14% o f  t h e  
o r i g i n a l  d a t a  t h a t  was u s e d  i n  t h e  c h l o r o p h y l l  c o n s t r a i n e d  model .  T h i s  
a n a l y s i s  r e s u l t e d  i n  a mode l  o f  t h e  form
B0D2q = 7.32  TKN (13 )
The mean s q u a r e  e r r o r  (MSE) f o r  t h i s  m o d e l  was  1 7 . 7 4 ,  s i g n i f i c a n t l y  
g r e a t e r  t h a n  t h a t  f o r  t h e  c h l o r o p h y l l  r e s t r i c t e d  m o d e l  ( 7 . 2 0 ) .  T h i s  
o b s e r v a t i o n  means t h a t  t h e r e  was a s i g n i f i c a n t  i n c r e a s e  i n  u n c e r t a i n t y  
i n  t h e  m o d e l  p r e d i c t i o n s  u s i n g  a l a r g e r  and  l e s s  r e s t r i c t e d  d a t a  s e t .
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The i m p o r t a n t  p o i n t  i s  t h a t  w h i l e  t h e  s l o p e  o f  t h e  l i n e  c h a n g e d  v e r y  
l i t t l e ,  t h e  p r e d i c t i o n  u n c e r t a i n t y  o f  t h e  model  i n c r e a s e d  d r a m a t i c a l l y  
w i t h  t h e  r e m o v a l  o f  t h e  c h l o r o p h y l l  r e s t r i c t i o n  on  t h e  d a t a  and  
r e s u l t i n g  s i x - f o l d  i n c r e a s e  i n  d a t a  p o i n t s .  The s i g n i f i c a n c e  o f  a n  
i n c r e a s e  i n  model  u n c e r t a i n t y  w i l l  be d i s c u s s e d  i n  t h e  n e x t  c h a p t e r .
An a n a l y s i s  o f  c o v a r i a n c e  was c o n d u c te d  i n  o r d e r  t o  f u r t h e r  examine 
t h e  d i f f e r e n c e s  b e t w e e n  t h e  tw o  s u b s e t s  o f  t h e  d a t a .  The  p r e s e n c e  o r  
a b s en ce  o f  c h l o r o p h y l l  a c o n c e n t r a t i o n s  a t  o r  above 10.0 u g /1  was u sed  
a s  a c l a s s i f i c a t i o n  c r i t e r i a  u s i n g  a l l  o f  t h e  LA DEQ d a t a  where  TKN was 
a t  o r  be low  6.0 mg/1.  T h i s  a n a l y s i s  showed t h a t  t h e r e  was a s i g n i f i c a n t  
d i f f e r e n c e  b e tw e e n  model  l i n e s  f i t t e d  t o  t h e  r e c o r d s  w i t h  and w i t h o u t  
c h l o r o p h y l l  a d a t a  g r e a t e r  th a n  10 u g /1 .  The model  f o r  t h e  r e c o r d s  be low 
t h e  10.0 u g /1  l i m i t  was
BOD20 = 7 .36  TKN (14 )
The MSE o f  t h i s  m o d e l  w as  1 9 .8 6 .  T h u s ,  i n  s y s t e m s  w h e r e  a l g a l  
p o p u l a t i o n s  a r e  m i n i m a l ,  a s  r e f l e c t e d  i n  m i n i m a l  c h l o r o p h y l l  a 
c o n c e n t r a t i o n s ,  a m i n i m a l l y  h i g h e r  l e v e l  o f  o x y g e n  dem an d  w i l l  be 
e x p e c t e d  f o r  any  g i v e n  l e v e l  o f  TKN. W i t h i n  t h e  c o n t e x t  o f  p r a c t i c a l  
a p p l i c a t i o n s ,  a s l o p e  o f  7 .36  i s  e s s e n t i a l l y  t h e  s a m e  a s  a s l o p e  o f  
7.13.  However,  t h e  i n c r e a s e  i n  e r r o r  a b o u t  t h e  model  i s  v e r y  s i g n i f i c a n t  
f r o m  t h e  s t a n d p o i n t  o f  p r a c t i c a l  a p p l i c a t i o n .  The i m p o s i t i o n  o f  t h e  
t h r e s h o l d  c h l o r o p h y l l  r e q u i r e m e n t  was  e f f e c t i v e  i n  d e f i n i n g  a m ore  
homogeneous s u b s e t  o f  t h e  d a t a .  Use o f  t h e  model  on s y s t e m s  where a l g a l  
p o p u l a t i o n s  a r e  n o t  p r e d o m i n e n t  w i l l  be i n a p p r o p r i a t e  s i n c e  th e  g r e a t e r  
v a r i a b i l i t y ,  and t h u s  th e  e x t r e m e  c a s e s  would n o t  be  w e l l  r e p r e s e n t e d .
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EVALUATION OF TKN AS AN ESTIMATOR OF TOTAL NITROGEN
A f u n d a m e n ta l  a s s u m p t i o n  i n  t h e  deve lopm en t  o f  t h e  c r i t e r i a  model  
i s  t h a t  TKN w i l l  c l o s e l y  a p p r o x i m a t e  t o t a l  n i t r o g e n  (TN) i n  a l g a l  
d o m i n a t e d  r i v e r  s y s t e m s .  I n  t h e  p r e s e n c e  o f  a s i g n i f i c a n t  and  v i a b l e  
a l g a l  p o p u l a t i o n  i t  i s  assumed t h a t  n i t r i t e s  and n i t r a t e s ,  w hich  a r e  n o t  
m e a s u r e d  by  t h e  TKN d e t e r m i n a t i o n  b u t  a r e  a c o m p o n e n t  o f  TN, w i l l  be  
q u i c k l y  a s s i m i l a t e d  by t h e  a l g a e .  W hi le  TN v a l u e s  were  n o t  a v a i l a b l e  i n  
t h e  LA DEQ r e c o r d s ,  TN was p r e s e n t  in  a l i m i t e d  number o f  r e c o r d s  from 
t h e  STORET d a t a  s e t .  The  u n f i l t e r e d  STORET d a t a  s h o w e d  s i g n i f i c a n t  
c o r r e l a t i o n  b e t w e e n  TKN a n d  TN ( r = 0 . 8 8 ,  n = 1 3 7 ) ,  i n d i c a t i n g  t h a t ,  a t  
v e r y  l e a s t  t h e  two p a r a m e t e r s  a r e  c l o s e l y  r e l a t e d .  A r e g r e s s i o n  o f  TKN 
a g a i n s t  TN i n  t h e  u n f i l t e r e d  STORET d a t a  gave a p r e d i c t i v e  model  o f  th e  
form
TKN = - 0 . 0 3 3  + 0 .8 5 4  TN R2 = 0 .7 5  (15)
The i n t e r c e p t  t e r m  was  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  z e r o .  The 
i m p o r t a n t  p o i n t  i s  t h a t  f o r  t h e  137 o b s e r v a t i o n s  e x a m i n e d ,  TKN 
r e p r e s e n t e d  a b o u t  85% o f  t h e  TN m e a s u r e d .  T h u s ,  i f  TKN w e r e  u s e d  a s  an  
e s t i m a t o r  o f  TN f o r  t h e s e  137 o b s e r v a t i o n s ,  i t  would g e n e r a l l y  r e s u l t  i n  
a n  u n d e r  e s t i m a t e .  I f  t h e  c r i t e r i a  m o d e l  i s  b a s e d  u p o n  TKN d a t a  b u t  
a p p l i e d  u s i n g  TN a s  t h e  n u t r i e n t  p a r a m e t e r ,  t h e  n e t  r e s u l t  would be an 
o v e r  e s t i m a t e  o f  t h e  o x y g e n  d em an d  t h a t  w i l l  be  e x p e c t e d  f o r  a g i v e n  
v a l u e  o f  TN, a n d  an  u n d e r  e s t i m a t e  o f  t h e  maximum a c c e p t a b l e  n i t r o g e n  
c o n c e n t r a t i o n .
TKN a n d  TN d i s p l a y e d  v e r y  s i m i l a r  c o r r e l a t i o n  v a l u e s  w i t h  BOD20 
(r®0.464, n=3505 and r= 0 .4 9 7 ,  n = 1 6 8 ,  r e s p e c t i v e l y ) ,  f u r t h e r  s u g g e s t i n g  
t h a t  TKN i s  a r e a s o n a b l e  s u b s t i t u t e  f o r  TN i n  t h e  p r e d i c t i o n  o f  oxygen 
demand. T he re  w ere  no TN o b s e r v a t i o n s  a v a i l a b l e  i n  t h e  f i l t e r e d  STORET
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d a t a  s u b s e t .  As s u c h ,  a n y  c o n c l u s i o n s  r e g a r d i n g  t h e  TKN:TN o r  BOD:TN 
r e l a t i o n s h i p s  i n  a l g a l  d o m i n a t e d  s t r e a m  s y s t e m s  w o u l d  be  t e n u o u s  a t  
b e s t .  A g a i n ,  s i n c e  TKN a p p e a r s  t o  u n d e r  e s t i m a t e  TN, t h e  u s e  o f  TKN a s  
s u b s t i t u t e  f o r  TN i n  t h e  d e v e l o p m e n t  o f  t h e  m o d e l  i s  c o n s e r v a t i v e  i n  
t h a t  t h e  model  w i l l  t e n d  t o  over  e s t i m a t e  oxygen demand.  T h i s  p o i n t  w i l l  




A l t h o u g h  t h e  c r i t e r i a  m o d e l  r e p r e s e n t s  t h e  t r e n d  o f  t h e  o b s e r v e d  
d a t a  q u i t e  w e l l  and i s  c o n s i s t e n t  w i t h  t h e o r e t i c a l  f u n d a m e n t a l s ,  i t  i s  
a p p a r e n t  f r o m  F i g u r e  7 t h a t  t h e r e  i s  s i g n i f i c a n t  s c a t t e r  i n  t h e  
o b s e r v e d  d a t a  a b o u t  t h e  m o d e l  p r o j e c t i o n  l i n e .  F o r  e x a m p l e ,  w h i l e  t h e  
mode l  p r e d i c t s  a BOD2Q o f  14.0 mg/1 f o r  a TKN c o n c e n t r a t i o n  o f  2.0 mg/1 ,  
t h e  o b s e r v e d  d a t a  r a n g e s  f r o m  a b o u t  4 .0  t o  24 .0  m g/1  BOD2Q* Some 
q u a n t i t a t i v e  a s s e s s m e n t  o f  p r e d i c t i o n  u n c e r t a i n t y  m us t  be  made i f  th e  
m o d e l  i s  t o  be u s e d  e f f e c t i v e l y  and  w i t h  f u l l  u n d e r s t a n d i n g  o f  t h e  
m a g n i tu d e  and i m p l i c a t i o n s  o f  t h e  u n c e r t a i n t y  i n v o l v e d .
H i s t o r i c a l l y ,  w a t e r  q u a l i t y  s t a n d a r d s  h a v e  o f t e n  i g n o r e d  t h e  
v a r i a b i l i t y ,  o r  s t o c h a s t i c  b e h a v i o r  t h a t  i s  i n h e r e n t  i n  w a t e r  q u a l i t y  
m e a s u r e m e n t s  ( H u n t e r ,  1 9 7 7 ;  Ward a n d  L o f t i s ,  1 9 8 3 ) .  W a t e r  q u a l i t y  
p a r a m e t e r s  a r e  s t o c h a s t i c  by n a t u r e  d u e ,  t o  a l a r g e  e x t e n t ,  t o  t h e  
r a n d o m  c h a r a c t e r  o f  t h e  d r i v i n g  f o r c e s  b e h i n d  w a t e r  q u a l i t y ,  i n  
p a r t i c u l a r  p r e c i p i t a t i o n  and  o t h e r  m e t e o r o l o g i c a l  e f f e c t s  (Ward and  
L o f t i s ,  1983).
In  a s t o c h a s t i c ,  o r  r andom ly  o c c u r r i n g  p r o c e s s ,  s t a t i s t i c a l l y  t h e r e  
i s  a f i n i t e  p r o b a b i l i t y ,  r e g a r d l e s s  o f  how s m a l l ,  o f  e x c e e d i n g  a l m o s t  
any c o n c e n t r a t i o n  o f  a w a t e r  q u a l i t y  p a r a m e t e r .  E x t rem e  v a l u e s  m u s t  be 
c o n s i d e r e d  w i t h i n  a c o n t e x t  o f  p r o b a b i l i t y  and f r e q u e n c y  o f  o c c u r r e n c e .  
T h e r e  w i l l  a l w a y s  b e  a c h a n c e  o f  o b s e r v i n g  a v a l u e  a b o v e  any  g i v e n  
s t a n d a r d .  R e g u l a t o r y  c o n c e r n  m u s t  l i e  i n  t h e  f r e q u e n c y  w i t h  w h i c h  t h e
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s t a n d a r d  i s  exceeded ,  a more  r e a l i s t i c  b a s i s  f o r  a s s e s s m e n t  o f  t h r e a t  t o  
t h e  e n v i r o n m e n t .  D e t a i l e d  d i s c u s s i o n s  o f  t h e  a p p l i c a t i o n  o f  b a s i c  
s t a t i s t i c a l  t h e o r y  t o  t h e  c o l l e c t i o n  and  e v a l u a t i o n  o f  w a t e r  q u a l i t y  
m o n i t o r i n g  d a t a  a r e  p r e s e n t e d  by S a n d e r s  and  Ward ( 1 9 7 8 ) ,  L o f t i s  and  
Ward ( 1 9 8 1 ) ,  L o f t i s ,  Ward and  S m i l l i e  ( 1 9 8 3 ) ,  and  Ward and  L o f t i s  
( 1 9 8 3 ) .
The  r e c o g n i t i o n  o f  n a t u r a l  v a r i a b i l i t y  i n  w a t e r  q u a l i t y ,  and  t h e  
n e e d  f o r  t h e  e s t a b l i s h m e n t  o f  a p p r o p r i a t e  s t a n d a r d s  t o  r e f l e c t  t h i s  
v a r i a b i l i t y  a r e  r e c e n t  d e v e lo p m e n t s .  The a c c u r a t e  r e p r e s e n t a t i o n  o f  th e  
v a r i a b i l i t y  o f  w a t e r  q u a l i t y  p a r a m e t e r s  has  been  l i m i t e d  i n  th e  p a s t  by 
t h e  l a c k  o f  a d e q u a t e ,  o r  a p p r o p r i a t e  b a s e l i n e  d a t a  ( H u n t e r ,  1 9 7 7 ) .  The 
d a t a  s e t  a v a i l a b l e  f o r  t h i s  s t u d y  o f f e r s  a u n i q u e  o p p o r t u n i t y  a d d r e s s  
t h e  s i g n i f i c a n t  v a r i a b i l i t y  o f  th e  d a t a  a bou t  t h e  model  p r e d i c t e d  l i n e ,  
and  i n c o r p o r a t e  t h i s  u n c e r t a i n t y  i n  t h e  e s t a b l i s h m e n t  o f  n u t r i e n t  
s t a n d a r d s .
ELEMENTS OF UNCERTAINTY
From t h e  p r e c e d i n g  d i s c u s s i o n  o f  a u t o c h t h o n o u s  o x y g e n  demand 
t h e o r y  i t  i s  c l e a r  t h a t  t h i s  o b s e rv e d  v a r i a b i l i t y ,  o r  r e s i d u a l  e r r o r  may 
b e  l a r g e l y  a t t r i b u t e d  t o  a v a r i e t y  o f  s i t e  s p e c i f i c  f a c t o r s .  The 
s t o i c h i o m e t r y  d i s c u s s e d  p r e v i o u s l y  i s  an  i d e a l i z e d  and  s o m e w h a t  
s i m p l i f i e d  r e p r e s e n t a t i o n  o f  c o m p l e x  p r o c e s s e s .  As s u c h ,  t h e r e  a r e  
s e v e r a l  m a jo r  s o u r c e s  o f  u n c e r t a i n t y  p r e s e n t  i n  t h e  p r e d i c t i o n  o f  oxygen 
demand t h a t  w i l l  be e x e r t e d  by th e  components  o f  a s am p le .  The e x i s t e n c e  
o f  t h e s e  e l e m e n t s  o f  u n c e r t a i n t y  u n d e rm in e  t h e  s i m p l e  u s e  o f  t h e  m a jo r  
s t o i c h i o m e t r i c  r e l a t i o n s h i p s  a l o n e  a s  t h e  b a s i s  f o r  n u t r i e n t  c r i t e r i a .  
E a c h  c o m p o n e n t  o f  u n c e r t a i n t y  c o n t r i b u t e s  t o  d i s c r e p a n c i e s  b e t w e e n
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i d e a l i z e d  r e p r e s e n t a t i o n  and t h e  r e a l i t y  o f  o b s e r v e d  d a t a .  An a w a re n e s s  
o f  t h e  s o u r c e s  o f  u n c e r t a i n t y  i n  t h e  m o d e l  i s  r e q u i r e d  i f  i t  i s  t o  be 
u s e d  i n  a r a t i o n a l  and  a p p r o p r i a t e  m a n n e r  i n  t h e  m a n a g e m e n t  o f  w a t e r  
q u a l i t y .
CHEMICAL COMPOSITION. W h i l e  a g e n e r a l i z e d  r e p r e s e n t a t i o n  o f  a l g a l  
b io m as s  c o m p o s i t i o n  was u sed  i n  t h e  s t o i c h i o m e t r i c  d e v e lo p m e n t ,  i t  mus t  
be r e a l i z e d  t h a t  t h e  a c t u a l  c h e m i c a l  c o m p o s i t i o n  o f  an  a l g a l  c e l l  a t  any 
p o i n t  i n  space  and t i m e  w i l l  be t h e  f u n c t i o n  o f  a complex  i n t e r a c t i o n  o f  
p h y s i c a l ,  c h e m i c a l  and b i o l o g i c a l  f a c t o r s  ( F o g g ,  1 9 5 9 ,  1 9 6 5 5 B i g e l o w ,  
e t .  a l ,  1977 ;  B a r l e y ,  1 9 8 2 ) .  The c e l l  c o n t e n t  o f  b o t h  p h o s p h o r u s  and  
n i t r o g e n  h a s  been  shown t o  be w i d e l y  v a r i a b l e  ( F o r s b e r g ,  1977; D a r l e y ,  
1 9 8 2 ) .  The r a t i o  o f  c a r b o n  t o  n i t r o g e n ,  f o r  e x a m p l e ,  i s  g e n e r a l l y  
a s s u m e d  t o  be  a r o u n d  6 . 6 : 1 ,  b u t  S t e e l e  ( 1 9 7 4 )  r e p o r t e d  v a l u e s  f r o m  
p h y t o p l a n k t o n  r a n g i n g  f rom  4.3:1 t o  9.0:1 .  The p o t e n t i a l  e f f e c t  o f  t h i s  
v a r i a b i l i t y  on t h e  s t o i c h i o m e t r y  i s  s i g n i f i c a n t .  I f  i t  i s  assumed t h a t  
o n ly  t h e  n i t r o g e n  i n  t h e  g e n e r a l i z e d  c o m p o s i t i o n  e q u a t i o n  above v a r i e s ,  
t h e  r e p o r t e d  r a n g e  c o r r e s p o n d s  t o  v a l u e s  o f  f r o m  11.2  t o  23 .4  g r a m s  
oxygen r e q u i r e d  p e r  gram o r g a n i c  n i t r o g e n  f o r  t h e  c o m p le te  o x i d a t i o n  o f  
b i o m a s s ,  a s  o p p o s e d  t o  t h e  g e n e r a l i z e d  v a l u e  o f  19.7 g r a m s  o x y g e n  p e r  
gram o r g a n i c  n i t r o g e n .  Fogg (1959) r e p o r t e d  even  g r e a t e r  v a r i a b i l i t y  i n  
t h e  n i t r o g e n  c o n t e n t  o f  a l g a l  c e l l s ,  r a n g i n g  f rom 2.15 t o  11 p e r c e n t  o f  
d r y  w e ig h t .
BACTERIAL ASSIMILATION AND GROWTH. The s t o i c h i o m e t r i c  r e p r e s e n t a t i o n  o f  
d e c o m p o s i t i o n  a s s u m e s  t h e  c o m p l e t e  o x i d a t i o n  o f  a l g a l  b i o m a s s  t o  
m i n e r a l i z e d  fo rm s .  However,  i n  any b a c t e r i a l  d e c o m p o s i t i o n ,  i t  m u s t  be 
r e c o g n i z e d  t h a t  s o m e  o f  t h e  o r g a n i c  m a t e r i a l  w i l l  b e  c o n v e r t e d  t o
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b a c t e r i a l  b io m a s s .  R i t tm a n n  and L ange land  (1985) r e p o r t e d  a 60 p e r c e n t  
c o n v e r s i o n  o f  o r g a n i c  m a t t e r  t o  b a c t e r i a l  b i o m a s s ,  w i t h  a r e s u l t i n g  
e x p e c t e d  o x y g e n  r e q u i r e m e n t  o f  8.5  g r a m s  f o r  e a c h  g r a m  o f  o r g a n i c  
n i t r o g e n  d e c o m p o s e d .  The  sam e  s t u d y  r e p o r t e d  a v a l u e  o f  4.1 g r a m s  o f  
o x y g e n  r e q u i r e d  f o r  t h e  o x i d a t i o n  o f  e a c h  g r a m  o f  am m o n ia  n i t r o g e n  
s i m i l a r l y  decomposed.  Whi le much o f  t h e  r e s u l t i n g  b a c t e r i a l  b io m a s s  w i l l  
be s u b s e q u e n t l y  decomposed i n  a 20 day BOD d e t e r m i n a t i o n ,  t h e r e  w i l l  be 
some f r a c t i o n  o f  t h e  n i t r o g e n  t h a t  w i l l  n o t  be  i n v o l v e d  i n  o x i d a t i o n  
p r o c e s s e s .  T h i s  f a c t o r  w i l l  o b v i o u s l y  r e s u l t  i n  s i g n i f i c a n t l y  l o w e r  
o b s e rv e d  oxygen demand th a n  t h a t  e x p e c t e d  from th e  s t o i c h i o m e t r y .  
DISTRIBUTION OF NITROGEN AMONG THE ORGANIC AND INORGANIC FRACTIONS. As 
d i s c u s s e d  p r e v i o u s l y ,  t h e  d i s t r i b u t i o n  o f  n i t r o g e n  b e tw ee n  th e  o r g a n i c  
and i n o r g a n i c  components  w i l l  have a s i g n i f i c a n t  e f f e c t  on t h e  e x p e c t e d  
oxygen demand.  The a c t u a l  o r g a n i c  f r a c t i o n  t h a t  m i g h t  be e x p e c t e d  i n  any 
s a m p l e  w i l l  v a r y  w i t h  t h e  l e v e l  o f  n u t r i e n t  e n r i c h m e n t .  At v e r y  low  
n u t r i e n t  l e v e l s ,  where  n u t r i e n t s  a r e  t h e  p r i n c i p a l  l i m i t i n g  f a c t o r  i t  
would  be e x p e c t e d  t h a t  a l g a e  would  a s s i m i l a t e  a v a i l a b l e  n i t r o g e n  v e r y  
r a p i d l y ,  a s  t h e y  h a v e  b e e n  o b s e r v e d  t o  do i n  n u t r i e n t  d e f i c i e n t  
c h e m o s t a t  s t u d i e s  ( D a r l e y ,  1982). Under t h e s e  c o n d i t i o n s ,  n e a r l y  a l l  o f  
t h e  n i t r o g e n  may be e x p e c t e d  t o  be i n  t h e  o r g a n i c  f r a c t i o n .  As n u t r i e n t  
l e v e l s  i n c r e a s e ,  o t h e r  f a c t o r s  such  a s  c ro w d in g  and l i g h t  a v a i l a b i l i t y  
b e g i n  t o  l i m i t  a l g a l  d e n s i t y  and n u t r i e n t  u p t a k e .  I t  would be e x p e c t e d  
t h a t  a g r e a t e r  p r o p o r t i o n  o f  t h e  n i t r o g e n  i n  t h e  i n o r g a n i c  am m o n ia  
f r a c t i o n  u n d e r  s u c h  c o n d i t i o n s .  As t h e  c o n t r i b u t i n g  p r o c e s s e s  t o  
n u t r i e n t  a s s i m i l a t i o n  a n d  l i m i t a t i o n  a r e  t y p i c a l l y  n o n - l i n e a r  and  
h y p e r b o l i c  ( S t e e l e ,  1 9 7 4 ;  M a u e r s b e r g e r , 1 9 8 3 ) ,  i t  i s  r e a s o n a b l e  t o
assume t h a t  t h e  r e l a t i o n s h i p  b e t w e e n  i n o r g a n i c  n i t r o g e n  f r a c t i o n s  a n d  
t o t a l  n i t r o g e n  l e v e l s  w o u l d  d i s p l a y  a s i m i l a r  f o r m .  T h i s  may w e l l  
c o n t r i b u t e  t o  t h e  two p h ase  t r e n d  o b s e rv e d  i n  t h e  d a t a  w i t h  i n c r e a s i n g  
n u t r i e n t  l e v e l s .  The STORET d a t a  f o r  t h i s  s t u d y  p r o v e d  t o  be  f a r  t o o  
v a r i a b l e  t o  c o n f i r m  t h i s  p o i n t .
A s t r e a m  sam ple  i s  a s n a p s h o t  o f  a dynamic sy s t e m .  The p a r t i c u l a r  
mix o f  n i t r o g e n o u s  com ponen ts  may be e x p e c t e d  t o  change th ro u g h  t i m e  as  
t h e  v a r i o u s ,  o f t e n  t r a n s i e n t  f a c t o r s  e f f e c t  t h e  u p t a k e  and p r o d u c t i o n  o f  
a v a i l a b l e  f o r m s ,  a s  w e l l  a s  t h e  g r o w t h ,  d e a t h  and  v e r y  c o m p o s i t i o n  o f  
a l g a l  c e l l s .  I t  h a s  been  s t a t e d  by D a r le y  (1982) t h a t  s t a n d i n g  s t o c k s  o f  
n u t r i e n t s  i n  t h e  w a t e r  co lumn a r e  g e n e r a l l y  a poor  i n d i c a t o r  o f  n u t r i e n t  
s t a t u s  s i n c e  c e l l u l a r  c o n c e n t r a t i o n s  v a r y  c o n s i d e r a b l y .  The o r g a n i c  
n i t r o g e n  f r a c t i o n  w ould ,  t h e n ,  be e x p e c t e d  t o  be a v a r i a b l e  and f a i r l y  
u n c e r t a i n  p a r a m e t e r .
MEASUREMENT ERROR. C r a n e  ( 1 9 8 1 )  s u r v e y e d  t h e  l i t e r a t u r e  on  t h e  
r e l i a b i l i t y  o f  t h e  BOD2Q d e t e r m i n a t i o n  and r e p o r t e d  a g e n e r a l  l e v e l  o f  
a c c u r a c y  c o r r e s p o n d i n g  t o  a c o e f f i c i e n t  o f  v a r i a t i o n  o f  a b o u t  15%. 
A l though  20 day BOD i s  u t i l i z e d  as  an e s t i m a t o r  o f  u l t i m a t e  BOD, oxygen 
dem and  may b e  e x e r t e d  w e l l  b e y o n d  20 d a y s  d e p e n d i n g  on  t h e  r e a c t i o n  
r a t e s  o f  t h e  s am p le  c o n s t i t u e n t s .  More com plex  m a t e r i a l s  r e q u i r e  l o n g e r  
p e r i o d s  f o r  c o m p l e t e  d e c o m p o s i t i o n .  A d d i t i o n a l l y ,  s i n c e  n i t r o g e n o u s  
o x y g e n  dem and  i s  s i g n i f i c a n t  i n  a l g a l  d e c o m p o s i t i o n ,  t h e  t i m e  l a g  
t y p i c a l l y  o b s e r v e d  i n  t h e  d e v e l o p m e n t  o f  an  a d e q u a t e  p o p u l a t i o n  o f  
n i t r i f y i n g  b a c t e r i a  i n  t h e  BOD sam ple  b o t t l e  may r e s u l t  i n  i n c o m p l e t e  
o x i d a t i o n  o f  th e  i n o r g a n i c  n i t r o g e n  fo rms  by t h e  20 th  day.  These e f f e c t s  
w i l l  g e n e r a l l y  r e s u l t  i n  t h e  u n d e r  e s t i m a t i o n  o f  u l t i m a t e  demand.
In  any l a b o r a t o r y  n u t r i e n t  d e t e r m i n a t i o n  t h e r e  i s  some component o f
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e r r o r  w h i c h  s t a n d s  b e t w e e n  t h e  m e a s u r e d  c o n c e n t r a t i o n  a n d  t h e  a c t u a l  
l e v e l  o f  m a t e r i a l  i n  th e  sam ple .  Some d e t e r m i n a t i o n s  a r e  more r e l i a b l e  
th a n  o t h e r s  depend ing  upon the  p a r t i c u l a r  n u t r i e n t  s p e c i e s  and s p e c i f i c  
d e t e r m i n a t i o n  t e c h n i q u e  u s e d .  F o r  e x a m p l e ,  J e n k i n s  ( 1 9 7 7 )  r e p o r t e d  
c o e f f i c i e n t s  o f  v a r i a t i o n  (C .V . ' s )  f o r  TKN d e t e r m i n a t i o n s  i n  t h e  r a n g e  
o f  25 .7  t o  104 p e r c e n t .  Ammonia d e t e r m i n a t i o n s  h a d  C.V. 's  i n  t h e  5.3 t o  
69 .8  p e r c e n t  r a n g e .  C l e a r l y ,  m e a s u r e m e n t  e r r o r  h a s  t h e  p o t e n t i a l  f o r  
i n t r o d u c i n g  s i g n i f i c a n t  u n c e r t a i n t y  i n t o  any  m o d e l e d  r e l a t i o n s h i p ,  
p a r t i c u l a r l y  w h e r e  a v a r i e t y  o f  d a t a  s o u r c e s  a n d  l a b o r a t o r y  
m e t h o d o l o g i e s  a r e  i n v o l v e d ,  and q u a l i t y  c o n t r o l  i n f o r m a t i o n  i s  l a c k i n g .  
MODEL STRUCTURE. As d i s c u s s e d  a b o v e ,  t h e  s t o i c h i o m e t r y  p r e s e n t e d  i s  a 
s i m p l i f i e d  r e p r e s e n t a t i o n  o f  a v e r y  complex p r o c e s s .  The a p p l i c a t i o n  o f  
a s i m p l i f i e d  model i n t r o d u c e s  p r e d i c t i o n  e r r o r  r e s u l t i n g  from p r o c e s s e s  
and r e l a t i o n s h i p s  t h a t  a r e  n o t  i n c l u d e d  i n  t h e  model s t r u c t u r e .  I f  th e  
m o d e l  s t r u c t u r e  h a s  a c c o u n t e d  f o r  t h e  p r i n c i p a l  c o m p o n e n t  p r o c e s s e s  
w i t h i n  t h e  s y s t e m ,  t h e  sum e f f e c t  o f  t h e  model  e r r o r  w i l l  be r e l a t i v e l y  
m ino r .  The d e c i s i o n  r e g a r d i n g  model  adequacy  must  u l t i m a t e l y  be made by 
th e  u s e r  w i t h i n  t h e  c o n t e x t  o f  a c t u a l  a p p l i c a t i o n .
MANIFESTATION OF UNCERTAINTY
I t  i s  u n l i k e l y  t h a t  t h e  m e a s u r e d  o x y g e n  dem and  e x e r t e d  by  t h e  
c o n s t i t u e n t s  o f  a s a m p l e  w i l l  a g r e e  w i t h  t h a t  e x p e c t e d  f r o m  t h e  
s t o i c h i o m e t r y  a l o n e .  From t h e  d i s c u s s i o n  p r e s e n t e d ,  i t  i s  a p p a r e n t  t h a t ,  
on t h e  a v e r a g e ,  m easured  oxygen  demand,  a s  B0D£q w i l l  p r o b a b l y  be lo w e r  
t h a n  t h a t  p r e d i c t e d  by s i m p l e  c o n s i d e r a t i o n  o f  c h e m ic a l  c o m p o s i t i o n .  The 
t h e o r e t i c a l  c o n s i d e r a t i o n s  s u g g e s t  t h a t  t h e  r e l a t i o n s h i p  b e tw e e n  oxygen 
d e m a n d  a n d  n i t r o g e n  c o n t e n t  w i l l  b e  m o d i f i e d  by  a v a r i e t y  o f
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p r e d o m i n a n t l y  random e f f e c t s .  The random component  o f  t h e  r e l a t i o n s h i p  
w i l l  encompass  n a t u r a l  v a r i a b i l i t y  i n  a l l  o f  t h e  m y r i a d  e n v i r o n m e n t a l  
and b i o l o g i c a l  f a c t o r s  t h a t  a c t  in  c o n c e r t  t o  d e f i n e  an a l g a l  p o p u l a t i o n  
a t  a n y  p o i n t  i n  s p a c e  a n d  t i m e .  I f  t h e  f u n d a m e n t a l  p r o c e s s e s  c a n  be  
a d e q u a t e l y  d e s c r i b e d  by a m o d e l ;  t h e n  t h e  r a n d o m  c o m p o n e n t s  w i l l  be 
m a n i f e s t e d  a s  r e s i d u a l  e r r o r  d i s t r i b u t e d  a b o u t  some m ean  r e s p o n s e  
c o r r e s p o n d i n g  t o  t h e  model  p r e d i c t i o n .
DEVELOPMENT OF THE PROBABILISTIC MODEL
F o r  t h e  o b j e c t i v e s  o f  t h i s  r e s e a r c h ,  t h e  u t i l i t y  o f  u n c e r t a i n t y  
a n a l y s i s  l i e s  i n  t h e  e s t i m a t i o n  o f  p r o b a b i l i t y  o f  e x c e e d e n c e  o f  
e s t a b l i s h e d  BOD2Q s t a n d a r d s .  G i v e n  a s p e c i f i c  BOD20 s t a n d a r d ,  t h e  
p r o b a b i l i t y  o f  e x c e e d e n c e  m ay  b e  e s t i m a t e d  f o r  a n y  g i v e n  TKN 
c o n c e n t r a t i o n  u s i n g  th e  p r e d i c t e d  o b s e r v a t i o n  p r o b a b i l i t y  d i s t r i b u t i o n s .  
S i m i l a r l y ,  a TKN s t a n d a r d  may be e s t i m a t e d  g iv e n  a BOD20 s t a n d a r d  and an 
a c c e p t a b l e  f r e q u e n c y  o f  e x c e e d e n c e .  T h i s  l a t t e r  c a s e  i s  e x p e c t e d  t o  
r e p r e s e n t  t h e  p r i n c i p l e  a p p l i c a t i o n  o f  t h e  c r i t e r i a  mode l .
The u n c e r t a i n t y  a s s o c i a t e d  w i t h  a z e r o - i n t e r c e p t  model  p r e d i c t i o n  
o f  i n d i v i d u a l  o b s e r v a t i o n s  may be e x p r e s s e d  a s  t h e  s t a n d a r d  e r r o r  o f  th e  
p r e d i c t i o n  (Montgomery and Peck ,  1982),
SEp = [ MSE (1 + (TKN2 /  USSTKN) J0 *1' (16)
where SEp = S ta n d a rd  e r r o r  o f  t h e  p r e d i c t i o n  
MSE *= Mean s q u a r e  e r r o r
TKN = TKN v a l u e  f o r  which th e  p r e d i c t i o n  i s  made 
U S S ^ n  = U n c o r r e c t e d  Sum o f  s q u a r e s  o f  TKN i n  t h e  d a t a  s e t  
The c r i t e r i a  m o d e l  p r e d i c t s  a mean  BOD20 v a l u e  f o r  a n y  g i v e n  TKN 
c o n c e n t r a t i o n .  However,  t h e r e  w i l l  be v a r i a b i l i t y  i n  t h e  o b s e rv e d  d a t a
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a b o u t  t h i s  m o d e l  p r e d i c t i o n  l i n e ,  and  t h u s  u n c e r t a i n t y  i n  t h e  m o d e l  
p r e d i c t i o n .  The s t a n d a r d  e r r o r  o f  t h e  p r e d i c t i o n  i s  t h e  s t a n d a r d  
d e v i a t i o n  o f  t h e  BOD20 o b s e r v a t i o n s  t h a t  w i l l  b e  e x p e c t e d  a b o u t  any  
g i v e n  mean  BOD20 v a l u e  p r e d i c t e d  by t h e  m o d e l .  P r e d i c t i o n  e r r o r  i s  
p r o p o r t i o n a l  t o  t h e  mean s q u a r e  e r r o r  t e rm .  T h i s  i s  why MSE i s  u sed  i n  
a s s e s s i n g  t h e  b e s t  model f i t .
The d i s t r i b u t i o n  o f  e x p e c t e d  BOD20 o b s e r v a t i o n s  f o r  any g iv e n  TKN 
c o n c e n t r a t i o n  i s  d e f i n e d  by t h e  mean p r e d i c e t e d  BOD and  t h e  SEp. T h i s  
d i s t r i b u t i o n  i s  a c o n t i n u o u s  n o r m a l  f u n c t i o n .  I n t e g r a t i o n  u n d e r  t h e  
c u r v e  b e t w e e n  any  tw o  BOD2Q v a l u e s  w i l l  y i e l d  t h e  p r o b a b i l i t y  o f  a n  
o b s e r v a t i o n  f a l l i n g  be tw een  th o s e  two v a l u e s .  Thus ,  i f  t h e  f u n c t i o n  i s  
i n t e g r a t e d  b e tw e e n  any s p e c i f i c  BOD20 v a l u e  and p o s i t i v e  i n f i n i t y ,  t h e n  
t h e  r e s u l t  w i l l  be t h e  o v e r a l l  p r o b a b i l i t y  o f  an o b s e r v a t i o n  e x c e e d in g  
t h e  s p e c i f i c  BOD v a l u e .  I n  t h i s  manner ,  i t  i s  p o s s i b l e  t o  c a l c u l a t e  the  
p r o b a b i l i t y  o f  e x c e e d i n g  a n y  BOD s t a n d a r d  u n d e r  a n y  g i v e n  TKN 
c o n c e n t r a t i o n .  Appendix C c o n t a i n s  a d i s c r i p t i o n  o f  t h i s  i n t e g r a t i o n .
F ig u r e  10 p r e s e n t s  a nomograph o f  model  p r e d i c t e d  p r o b a b i l i t i e s  o f  
ex ce ed en ce  f o r  v a r i o u s  B0D2q l e v e l s  c o r r e s p o n d i n g  t o  TKN c o n c e n t r a t i o n s  
w i t h i n  t h e  r e s t r i c t e d  r e g i o n  u n d e r  6.5  m g / 1 .  A p p e n d i x  C c o n t a i n s  a 
l i s t i n g  o f  t h e  SAS program u s e d  t o  d e v e l o p  t h i s  nomograph.  F i g u r e  10 i s  
t h e  e s s e n c e  o f  t h e  p r o b a b i l i s t i c  n u t r i e n t  c r i t e r i a  m o d e l .  T h i s  
r e p r e s e n t a t i o n  o f  t h e  m o d e l  p e r m i t s  a c o m p a r i s o n  o f  v a r i o u s  r i s k s  o f  
e x c e e d e n c e  o f  a g i v e n  BOD20 s t a n d a r d  t h a t  w o u ld  be  e x p e c t e d  u n d e r  any  
TKN c o n c e n t r a t i o n .  For  exam ple ,  g iv e n  a TKN c o n c e n t r a t i o n  o f  2.0 mg/1 ,  
t h e r e  w i l l  be  a b o u t  a 79% p r o b a b i l i t y  o f  e x c e e d e n c e  o f  a 10 m g/1  BOD 
s t a n d a r d ,  b u t  o n l y  a b o u t  a 15% p r o b a b i l i t y  o f  e x c e e d i n g  a 20 m g/1
s t a n d a r d .  C o n v e r s e ly ,  g i v e n  a 25 mg/1 BOD20 s t a n d a r d ,  and an a l l o w a n c e  
f o r  10% e x c e e d e n c e ,  t h e  model  r e q u i r e s  a maximum TKN l i m i t  o f  2.4 mg/1.  
T h i s  l a s t  e x a m p l e  d e m o n s t r a t e s  w h a t  i s  e x p e c t e d  t o  be  t h e  p r i n c i p l e  
a p p l i c a t i o n  o f  t h e  model:  t h e  d e f i n i t i o n  o f  maximum a l l o w a b l e  n u t r i e n t  
l e v e l s  i n  o r d e r  t o  s a t i s f y  p r e v i o u s l y  d e t e r m i n e d  BOD c o n c e n t r a t i o n  and 
exce edence  s t a n d a r d s .
The c h o i c e  o f  an a c c e p t a b l e  exceedence  l e v e l  w i l l  be c r u c i a l  t o  t h e  
p r e d i c t i o n  o f  a n i t r o g e n  s t a n d a r d .  A h i g h e r  l e v e l  o f  e x c e e d e n c e  w i l l  
r e s u l t  i n  a h i g h e r  c o r r e s p o n d i n g  n u t r i e n t  s t a n d a r d .  Any c o m b i n a t i o n  o f  
BOD s t a n d a r d  a n d  l e v e l  o f  e x c e e d e n c e  may be  t e s t e d  t o  e v a l u a t e  t h e  
m a r g i n a l  e f f e c t s  o f  i n c r e a s i n g  o r  d e c r e a s i n g  r i s k  l e v e l s .  As an exam ple ,  
g i v e n  a BOD s t a n d a r d  o f  30 m g / 1 ,  an  a l l o w a b l e  e x c e e d e n c e  l e v e l  o f  10% 
y i e l d s  a TKN l i m i t  o f  a b o u t  2.8 mg/1.  I f  t h e  r i s k  o f  exceedence  were  t o  
be lo w ered  t o  5% t h e  TKN l i m i t  would be r ed u ce d  t o  a b o u t  2.6 mg/1.
F i g u r e  11 p r e s e n t s  t h e  same i n f o r m a t i o n  c o n t a i n e d  i n  th e  nomograph 
i n  F i g u r e  10 ,  b u t  l i m i t e d  t o  t h e  m o s t  com m o n ly  u s e d  u p p e r  c o n f i d e n c e  
l e v e l s  o f  95 a n d  90 p e r c e n t .  I n  o t h e r  w o r d s ,  t h e  u p p e r  l i n e  m o d e l  
p r e d i c t i o n s  i n  F i g u r e  11 may be e x p e c t e d  t o  be e x c e e d e d  2 .5  p e r c e n t  o f  
t h e  t i m e ,  w h i l e  t h e  l o w e r  l i n e  p r e d i c t i o n s  w i l l  b e  e x c e e d e d  
a p p r o x i m a t e l y  5 p e r c e n t  o f  t h e  t i m e .  M odel  p r e d i c t i o n s  i n  t h i s  f i g u r e  
a r e  i d e n t i c a l  w i t h  t h o s e  p r e s e n t e d  i n  F i g u r e  10.
The e x a m i n a t i o n  o f  t h e  model  p r e d i c t i o n s  i n  t e rm s  o f  p r o b a b i l i t i e s  
o f  e x c e ed en ce  f o c u s e s  t h e  a t t e n t i o n  on th e  p r e d i c t i o n  o f  e x t r e m e  e v e n t s .  
C o n s i d e r a t i o n  o f  mean p r e d i c t e d  c o n d i t i o n s  a l o n e  i s  o f  l i m i t e d  v a l u e  i n  
m a n a g e m e n t  o f  a q u a t i c  e n v i r o n m e n t s .  I t  i s  t h e  o c c u r r e n c e  o f  e x t r e m e  
e v e n t s  t h a t  m u s t  be  a d d r e s s e d  i n  e f f e c t i v e  m a n a g e m e n t .  The d e v e l o p e d  
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UTILITY AND APPLICATION OF THE CRITERIA MODEL FOR 
THE MANAGEMENT OF WATER QUALITY
T h i s  c h a p t e r  d e a l s  w i t h  t h e  a p p l i c a t i o n  o f  t h e  deve loped  n u t r i e n t  
c r i t e r i a  m o d e l .  The  m o d e l  i s  i n t e n d e d  t o  e s t a b l i s h  maximum a l l o w a b l e  
t o t a l  n i t r o g e n  c o n c e n t r a t i o n s  a s  a f u n c t i o n  o f  maximum a l l o w a b l e  BODu ^ t  
and  som e a c c e p t a b l e  r i s k  o f  BOD e x c e e d e n c e .  The  m o d e l  a c t s  a s  a 
s u p p le m e n t  t o  t h e  u s u a l  w a s t e  l o a d  a l l o c a t i o n  p r o c e s s .
GENERAL APPLICABILITY
The p r o b a b i l i s t i c  n u t r i e n t  c r i t e r i a  m o d e l  i s  m e a n t  t o  s e r v e  a s  a 
means o f  r a t i o n a l l y  e s t a b l i s h i n g  i n - s i t u  n i t r o g e n  s t a n d a r d s  f o r  r i v e r s  
and s t r e a m s  d o m in a te d  by a u to c h th o n o u s  p r o c e s s e s .  The model  r e l a t e s  t o  
n i t r o g e n  l e v e l s  in  s t r e a m s  where  n u t r i e n t  m a t e r i a l  f rom e x t e r n a l  l o a d i n g  
i s  q u i c k l y  a s s i m i l a t e d  by t h e  r e s i d e n t  a l g a l  p o p u l a t i o n s .  U nder  t h e s e  
c i r c u m s t a n c e s ,  a l g a l  p r o c e s s e s  p r e s e n t  t h e  p r i n c i p a l  t h r e a t  t o  t h e  
h e a l t h  o f  t h e  s y s t e m  i n  t h e  form o f  p o t e n t i a l  oxygen demand i n  t h e  ev e n t  
o f  a p o p u l a t i o n  c o l l a p s e .
C o n v e r s e l y ,  t h e  n u t r i e n t  c r i t e r i a  m o d e l  i s  i n a p p r o r i a t e  w h e r e  
p h y s i c a l  c o n d i t i o n s  p r e c l u d e  t h e  e x i s t e n c e  o f  a v i g o r o u s  a l g a l  
p o p u l a t i o n  and t h e  s u b s e q u e n t  dominance  o f  a u t o c h th o n o u s  p r o c e s s e s .  The 
p r i n c i p a l  p h y s i c a l  f a c t o r s  o f  c o n c e r n  h e r e  a r e  t e m p e r a t u r e  and  l i g h t  
a v a i l a b i l i t y .  U n d e r  t h e s e  c i r c u m s t a n c e s  t h e  r e l a t i o n s h i p  b e t w e e n  
n i t r o g e n  and  BOD i s  much w e a k e r  and  t h e  c o n c e r n  o v e r  n i t r o g e n  i n  t h e  
s y s t e m  s h i f t s  away from e u t r o p h i c a t i o n  and a l g a l  r e l a t e d  p r o c e s s e s .
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INFORMATION CONTAINED IN THE CRITERIA MODEL
The p r o b a b i l i s t i c  n u t r i e n t  c r i t e r i a  model  p r o v i d e s  an  e s t i m a t e  o f  
t h e  maximum o x y g e n  dem and  t h a t  w o u ld  be e x p e c t e d  f o r  a g i v e n  l e v e l  o f  
o x i d i z a b l e  n i t r o g e n  i n  a s t r e a m  s a m p l e  w h e r e  a l g a l  p r o c e s s e s  may be  
e x p e c t e d  t o  d o m in a te .  The a c t u a l  n e t  oxygen demand e x e r t e d  by an a l g a l  
p o p u l a t i o n  w i l l  be d e p e n d e n t  on a complex i n t e r a c t i o n  o f  p h o t o s y n t h e t i c  
a c t i v i t y ,  g r o w th ,  and m o r t a l i t y .  The u n c e r t a i n t y  i n c o r p o r a t e d  i n  t h e  
model  t a k e s  t h e  n a t u r a l  v a r i a b i l i t y  o f  s t r e a m  c o n d i t i o n s  i n t o  a c c o u n t ,  
g i v i n g  a r a t i o n a l  e s t i m a t i o n  o f  th e  u n c e r t a i n t y  t h a t  w i l l  be  a s s o c i a t e d  
w i t h  r e a l  o b s e r v a t i o n s .
The m o d e l  e m p h a s i z e s  t h e  w o r s t  c a s e  s i t u a t i o n  by  e x p r e s s i n g  t h e  
model  p r e d i c t i o n s  i n  t e rm s  o f  r i s k  o f  exceedence  o f  maximum a l l o w a b l e  
BOD v a l u e s .  M oreover ,  t h e  d e g re e  o f  c o n s e r v a t i v e n e s s  may be a d j u s t e d  t o  
s u i t  s i t e  s p e c i f i c  r e q u i r e m e n t s  and s t a t e  r e g u l a t i o n s  t h r o u g h  t h e  
s e l e c t i o n  o f  a c c e p t a b l e  p r o b a b i l i t i e s  o f  exceedence .
ESTABLISHMENT OF STANDARDS
The  p r i n c i p a l  v a l u e  o f  t h e  d e v e l o p e d  c r i t e r i a  m o d e l  i s  t o  a l l o w  
s t r e a m  managers  t o  d e t e r m i n e  where the  u p p e r  l i m i t  o f  a c c e p t a b l e  t o t a l  
n i t r o g e n  c o n c e n t r a t i o n s  w i l l  be f o r  a g ive n  l e v e l  o f  a c c e p t a b l e  oxygen 
demand and r i s k  o f  i t ' s  exce ed en ce .
T h e  n u t r i e n t  c r i t e r i a  m o d e l  i s  m e a n t  t o  s u p p l e m e n t  t h e  
e s t a b l i s h m e n t  o f  BOD s t a n d a r d s  i n  p r o t e c t i n g  t h e  s t r e a m  f r o m  o x y g e n  
d e p l e t i o n .  The a p p l i c a t i o n  o f  t h e  model r e q u i r e s  t h a t  a t o t a l  maximum 
d a i l y  l o a d  (TMDL) f o r  BOD be f i r s t  e s t a b l i s h e d  f o r  a p o i n t  o f  d i s c h a r g e  
u s i n g  t h e  u s u a l  w a s t e  load  a l l o c a t i o n  p r o c e d u r e s .  The TMDL i s  based  upon 
an e s t i m a t e  o f  th e  maximum u l t i m a t e  BOD t h a t  t h e  s t r e a m  may a s s i m i l a t e
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under  t h e  s p e c i f i e d  c o n d i t i o n s  o f  f low  and s eason  f o r  a s p e c i f i e d  p o i n t  
i n  a s t r e a m .  The u l t i m a t e  BOD v a l u e  t h u s  c a l c u l a t e d  i s  u sed  a s  t h e  i n p u t  
i n f o r m a t i o n  on maximum a l l o w a b l e  BOD f o r  t h e  n u t r i e n t  c r i t e r i a  model .  
The c r i t e r i a  model  p r e d i c t i o n  i s  t h e r e f o r e  b ased  on t h e  s t r e a m  sy s t e m  
a n a l y s i s  c o n d u c t e d  t h r o u g h  t h e  w a s t e  l o a d  a l l o c a t i o n  p r o c e s s .  I n  t h i s  
m a n n e r  t h e  m o d e l  i n c o r p o r a t e s  s i t e  s p e c i f i c  c o n d i t i o n s  i n t o  t h e  
p r e d i c t e d  s t a n d a r d .
W hi le  t h e  w a s t e  lo a d  a l l o c a t i o n  p r o c e s s  can  p r o v id e  th e  i n f o r m a t i o n  
on th e  maximum a c c e p t a b l e  BOD s t a n d a r d  c o n c e n t r a t i o n ,  r i s k  o f  exceedence  
m ust  be d e t e r m i n e d  based  on l o c a l  c o n d i t i o n s  and p r i o r i t i e s  ( S c h a e f f e r ,  
e t .  a l ,  1980 ;  L o f t i s ,  Ward and  S m i l l i e ,  19 8 3 ;  Ward a n d  L o f t i s ,  1983 ;  
W hi tehead  and W i l l i a m s ,  1984).  There  i s  some co n s en s u s  i n  t h e  l i t e r a t u r e  
t h a t  a 10% e x c e e d e n c e  l e v e l  i s  r e a s o n a b l e  i n  n a t u r a l  s y s t e m s  
( S c h w a r t z k o p f  and  H e r g e n r a d e r ,  1978 ;  S c h a e f f e r ,  e t .  a l ,  1980 ;  R y d in g ,  
1 9 8 1 ) .  I t  i s  r e c o m m e n d e d  t h a t  a m o re  c o n s e r v a t i v e  l e v e l  o f  5%, 
c o r r e s p o n d i n g  t o  an  u p p e r  90% c o n f i d e n c e  i n t e r v a l  w o u ld  b e  m o re  
a p p r o p r i a t e  f o r  t h e  a d e q u a t e  p r o t e c t i o n  o f  s t r e a m  s y s t e m s .  The f i n a l  
d e c i s i o n  m us t  be l e f t  up t o  r e g u l a t o r y  a g e n c i e s .
In  p r a c t i c e ,  t h e  model  p r e d i c t e d  s t a n d a r d s  m us t  be i n t e r p r e t e d  in  
t e r m s  o f  t o t a l  n i t r o g e n ,  d e s p i t e  t h e  f a c t  t h a t  t h e  TN v e r s u s  TKN 
o b s e r v a t i o n s  p r e s e n t e d  i n  C h a p t e r  V s u g g e s t  t h a t  TKN w i l l  g e n e r a l l y  
u n d e r  e s t i m a t e  TN i n  m o s t  s i t u a t i o n s .  T h i s  r e q u i r e m e n t  i n s u r e s  t h a t  
s i g n i f i c a n t  c o n c e n t r a t i o n s  o f  n i t r i t e s  and n i t r a t e s  w i l l  be i n c l u d e d  i n  
t h e  a n a l y s i s .  I n  t h e  s e t t i n g  o f  s t a n d a r d s ,  i t  m u s t  b e  a s s u m e d  t h a t  
n i t r a t e s  i n  d i s c h a r g e s  w i l l  be q u i c k l y  a s s i m i l a t e d  i n t o  o r g a n i c  m a t e r i a l  
u p o n  e n t e r i n g  t h e  s t r e a m .  T h e r e  w i l l ,  o f  c o u r s e ,  b e  some l a g  p e r i o d  
be tw ee n  i n t r o d u c t i o n  and a s s i m i l a t i o n ,  d e p e n d in g  on a v a r i e t y  o f  s i t e
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s p e c i f i c  c o n d i t i o n s .
W i t h  a d d i t i o n a l  d a t a  on  t h e  r e l a t i o n s h i p  b e t w e e n  TKN and  TN i t  
w o u l d  b e  p o s s i b l e  t o  r e s t a t e  t h e  m o d e l  l e s s  c o n s e r v a t i v e l y .  The v e r y  
l i m i t e d  d a t a  a v a i l a b l e  s u g g e s t s  t h a t  TKN r e p r e s e n t s  ab o u t  85% o f  t h e  TN 
p r e s e n t  i n  a s a m p l e .  I f  t h i s  o r  a s i m i l a r  r e l a t i o n s h i p  w e r e  
s u b s t a n t i a t e d  by d a t a  from a l g a l  d o m in a te d  s y s t e m s  i t  c o u ld  be a p p l i e d  
t o  c o n v e r t  t h e  TKN a x i s  i n  F i g u r e s  10 and 11 t o  TN. The r e s u l t  w o u ld  be  
l a r g e r  a l l o w a b l e  n i t r o g e n  l e v e l s  f o r  any g iv e n  B0D2q s t a n d a r d  r e q u i r e d .  
As an e x a m p le ,  f o r  a 25 mg/1 BOD2q and 5% exceedence  s t a n d a r d  F i g u r e  10 
i n d i c a t e s  a c o r r e s p o n d i n g  n i t r o g e n  s t a n d a r d  o f  2.2 mg/1.  I f  TKN i s  o n ly  
85% o f  TN, t h e  TN s t a n d a r d  would be 2.6 mg/1.  The e v i d e n c e  r e g a r d i n g  th e  
r e l a t i o n s h i p  i s  n o t  s u f f i c i e n t  t o  j u s t i f y  i t ' s  u s e  a t  t h i s  t i m e  s i n c e  
t h e r e  w as  no  i n d i c a t i o n  t h a t  t h e  d a t a  u s e d  t o  d e v e l o p  i t  r e p r e s e n t e d  
a l g a l  d o m i n a t e d  s y s t e m s .  T h i s  i s  an  a r e a  w h e r e  f u t u r e  d a t a  c o l l e c t i o n  
and e v a l u a t i o n  e f f o r t s  a r e  needed.
P r e d i c t e d  s t r e a m  n u t r i e n t  s t a n d a r d s  m u s t  a p p l y  t o  t h e  s t r e a m  
i t s e l f .  T h a t  i s ,  s i n c e  t h e  d e v e l o p m e n t  d a t a  s e t  c o n s i s t s  o f  a m b i e n t  
s t r e a m  s a m p l e s ,  t h e  m o d e l  i s  o n l y  a p p l i c a b l e  t o  s i m i l a r  c o n d i t i o n s ,  
s p e c i f i c a l l y  s t a t i o n s  o u t s i d e  o f  w a s t e  d i s c h a r g e  m i x i n g  z o n e s .  T h u s ,  
m o d e l  d e r i v e d  s t a n d a r d s  m u s t  a p p l y  t o  t h e  t o t a l  n i t r o g e n  c o n t e n t  a t  
a m b ie n t  s t r e a m  m o n i t o r i n g  s t a t i o n s .  The t o t a l  n i t r o g e n  c o n t e n t  measured 
i m m e d i a t e l y  dow ns t ream  o f  a m i x in g  zone would  be e x p e c t e d  t o  be th e  sum 
o f  th e  a m b ie n t  u p s t r e a m  c o n t r i b u t i o n  p l u s  t h a t  o f  t h e  d i s c h a r g e .  T h i s  i s  
p o i n t  a t  w h ich  t h e  model would  be a p p l i e d  in  a w a s t e  lo a d  a l l o c a t i o n .
The n i t r o g e n  s t a n d a r d  d e r i v e d  from t h e  model  r e p r e s e n t s  t h e  maximum 
a l l o w a b l e  t o t a l  n i t r o g e n  t h a t  would  be r e q u i r e d  t o  e n s u r e  t h a t  B0Du j t
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l e v e l s  a r e  m a i n t a i n e d  a t  o r  b e l o w  t h e  c r i t i c a l  l e v e l  t h e  b u l k  o f  t h e  
t i m e .  The model  p r o j e c t s  t h e  w o r s t  c a s e  s i t u a t i o n  o f  a l g a l  m a n i f e s t a t i o n  
and p o p u l a t i o n  c o l l a p s e .  Most  o f  t h e  t i m e ,  a c t u a l  a l g a l  m a n i f e s t a t i o n  
and oxygen demand w i l l  be be low  th e  v a l u e  p r e d i c t e d .  As w i t h  any mode l ,  
some d i s c r e t i o n  m u s t  b e  e x e r c i s e d  by t h e  u s e r  i n  e v a l u a t i n g  m o d e l  
p r o j e c t i o n s .  W here  l o c a l  c o n d i t i o n s  c o n t r a d i c t  m o d e l  a s s u m p t i o n s ,  
r a t i o n a l  a l l o w a n c e s  mus t  be made.
ESTIMATION OF REQUIRED NUTRIENT REDUCTION
Use o f  t h e  model  t o  a s s e s s  r e q u i r e d  n u t r i e n t  r e d u c t i o n s  t o  mee t  s e t  
BOD s t a n d a r d s  i s  i m p o r t a n t .  The  m o d e l  h a s  b e e n  sh o w n  t o  be c o n s i s t e n t  
w i t h  t h e  a c c e p t e d  t h e o r y  r e g a r d i n g  o x y g e n  dem and  i n  s t r e a m s .  M odel  
p r o j e c t i o n s  a g r e e  w e l l  w i t h  l i t e r a t u r e  d a t a  on  o x i d a t i o n  o f  o r g a n i c  
m a t e r i a l ,  and  t h e  m o d e l  s e e m s  t o  r e p r e s e n t  w i d e l y  v a r y i n g  g e o g r a p h i c  
d a t a  w e l l .  Fundam en ta l  and u b i q u i t o u s  p r o c e s s e s  a r e  b e i n g  r e p r e s e n t e d .
Where  e x c e s s i v e  n i t r o g e n  l e v e l s  a r e  f o u n d ,  a n  i n v e n t o r y  o f  a l l  
s t r e a m  l o a d i n g  s o u r c e s  w o u l d  be  r e q u i r e d  t o  i d e n t i f y  t h e  m o s t  
a p p r o p r i a t e  s t r a t e g y  f o r  r e d u c t i o n  and c o n t r o l .  The model  w i l l  p r o v id e  
an e s t i m a t e  o f  t h e  l e v e l  o f  t o t a l  n i t r o g e n  which  mus t  be a t t a i n e d ,  b u t  
t h e  p a r t i t i o n i n g  and c o n t r o l  o f  n i t r o g e n  s o u r c e s  m us t  be d e t e r m i n e d  on a 
c a s e  by c a s e  b a s i s .
ADVANTAGES OF THE PROBABILISTIC MODEL OVER THE CONVENTIONAL WASTE LOAD 
ALLOCATION APPROACH TO NUTRIENT STANDARDS
The p r o b a b i l i s t i c  m o d e l  o f f e r s  s i g n i f i c a n t  a d v a n t a g e s  o v e r  t h e  
c u r r e n t  a v a i l a b l e  w a s t e  lo a d  a l l o c a t i o n  app ro ac h  t o  n u t r i e n t  c o n t r o l  a s  
d e s c r i b e d  i n  C h a p t e r  I I .  The t w o  s t r a t e g i e s  d i f f e r  p r i m a r i l y  i n  t h e i r  
manner  o f  c h a r a c t e r i z i n g  p r o c e s s e s  in  t h e  e n v i ro n m e n t .  The c o n v e n t i o n a l
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app ro ac h  a t t e m p t s  t o  p r e c i s e l y  d e s c r i b e  a complex  s y s t e m  o f  i n t e r a c t i n g  
p r o c e s s e s  w h i l e  t h e  p r o b a b i l i s t i c  a p p r o a c h  a t t e m p t s  t o  c h a r a c t e r i z e  
t h e s e  p r o c e s s e s  i n  t e r m s  o f  t h e  lumped " a v e r a g e "  n e t  e f f e c t  o b s e rv e d  i n  
t h e  phenomena.
A co m p re h e n s iv e  k i n e t i c  s t r e a m  model  o f  t h e  a e r o b i c  n i t r o g e n  c y c l e  
r e q u i r e s  22 c o n s t a n t s  and 10 i n i t i a l  c o n c e n t r a t i o n s  t o  d e s c r i b e  s e v e n  
n i t r o g e n  c o m p o n e n t s  and  t h r e e  b a c t e r i a l  s p e c i e s  a t  any  p o i n t  i n  t i m e  
(Gromiec ,  e t .  a l ,  1983).  Even a s i m p l i f i e d  "desk  top"  model  o f  t h i s  s o r t  
i n v o l v e s  7 c o n s t a n t s  and  3 i n i t i a l  c o n c e n t r a t i o n s  t o  c a l c u l a t e  t h e  
e f f e c t  t h a t  n u t r i e n t s  and  a l g a e  w i l l  h a v e  on d a i l y  d i s s o l v e d  o x y g e n  
( D r i s c o l l ,  e t .  a l ,  1 9 8 4 ) .  Some p r o p o r t i o n  o f  t h e  c o e f f i c i e n t s  may be  
p r a c t i c a l l y  u n m e a s u ra b le  in  any r e a l i s t i c  a p p l i c a t i o n ,  and  l i t e r a t u r e  
v a l u e s  a r e  o f t e n  u sed  i n s t e a d .  From t h e  d i s c u s s i o n  r e g a r d i n g  s o u r c e s  o f  
u n c e r t a i n t y ,  i t  s h o u ld  be a p p a r e n t  t h a t  t h e  e s t i m a t i o n  o f  a l g a l  k i n e t i c  
r a t e s ,  a l o n g  w i t h  p r o j e c t i o n  o f  b io m a s s  i n  t e r m s  o f  c h l o r o p h y l l  a ,  and 
t h e  s u b s e q u e n t  i n c o r p o r a t i o n  o f  t h e s e  e s t i m a t e s  i n t o  a complex  model  a s  
r e q u i r e d  i n  t h e  c o n v e n t i o n a l  w a s t e  l o a d  a l l o c a t i o n  a p p r o a c h  h a s  
s i g n i f i c a n t  p o t e n t i a l  f o r  e r r o r .  I t  h a s  b e e n  s h o w n  t h a t  e r r o r  i n  t h e  
s p e c i f i c a t i o n  o f  model  p a r a m e t e r  c o e f f i c i e n t s  may have  a much g r e a t e r  
i m p a c t  on m o d e l  p r e d i c t i o n  e r r o r  t h a n  a n y  n o i s e  t h a t  may e x i s t  i n  t h e  
i n p u t  d a t a  (F in n e y ,  e t .  a l ,  1982).  M oreover ,  i t  h a s  been  r e c o g n i z e d  t h a t  
m o d e l  c o e f f i c i e n t  e s t i m a t i o n  i 6  p a r t i c u l a r l y  d i f f i c u l t  w h e r e  a l g a l  
p r o c e s s e s  d o m i n a t e  (W hi tehead  and W i l l i a m s ,  1984).  Even w i t h  an a d e q u a te  
d a t a  b a s e ,  t h e  p r e s e n t  s t a t e - o f - t h e - a r t  i n  n u t r i e n t  m o d e l i n g  a t  t h i s  
l e v e l  o f  c o m p l e x i t y  a f f o r d s  poor  t o  f a i r  r e l i a b i l i t y  a t  b e s t  (Gromiec ,  
e t .  a l ,  1 9 8 3 ) .
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The p r o b a b i l i s t i c  n u t r i e n t  c r i t e r i a  model  i n c o r p o r a t e s  b o th  a sound 
t h e o r e t i c a l  f o u n d a t i o n ,  a s  w e l l  a s  t h e  s t r e n g t h  o f  an  o b s e r v e d  r o b u s t  
r e l a t i o n s h i p  b e t w e e n  r e a d i l y  m e a s u r a b l e  p a r a m e t e r s  i n  a d i v e r s e  
d a t a b a s e .  The d a t a  r e q u i r e m e n t s  f o r  i t ' s  a p p l i c a t i o n  a r e  s t r a i g h t f o r w a r d  
and  r e a d i l y  o b t a i n a b l e .  The p r o b a b i l i s t i c  n a t u r e  o f  t h e  m o d e l  i n s u r e s  
t h a t  t h e  u b i q u i t o u s  v a r i a b i l i t y  t h a t  c h a r a c t e r i z e s  n a t u r a l  s y s t e m s  w i l l  
be  b o t h  a c k n o w l e d g e d  and  q u a n t i f i e d .  A l l  e v i d e n c e  s u g g e s t s  t h a t  t h e  
fu n d a m e n ta l  r e l a t i o n s h i p  w i l l  be v a l i d  a c r o s s  w i d e l y  v a r y i n g  g e o g ra p h i c  
a r e a s .  Where r e g i o n a l  d i f f e r e n c e s  a r e  p r e s e n t ,  t h e i r  e f f e c t  i s  t h a t  o f  a 
s i m p l e  r e s p e c i f i c a t i o n  o f  t h e  model  p a r a m e t e r s .
LIMITS OF APPLICATION
A f u n d a m e n ta l  a s s u m p t i o n  i n  t h e  u s e  o f  t h e  model  i s  t h a t  TKN w i l l  
b e  a good  e s t i m a t e  o f  t h e  t o t a l  n i t r o g e n  c o n t e n t  o f  t h e  s y s t e m .  Where  
s o u r c e s  o f  o x i d i z e d  fo rm s ,  such  a s  n i t r a t e s  a r e  s i g n i f i c a n t ,  i t  must  be 
assumed t h a t  t h e y  w i l l  be q u i c k l y  a s s i m i l a t e d  i n t o  a l g a l  b io m a s s ,  and 
t h u s  p r e s e n t  t h e  p o t e n t i a l  f o r  o x y g e n  d em an d .  T h i s  f u n d a m e n t a l  
a s s u m p t i o n  o f  t h e  model  r e q u i r e s  t h a t  th e  model  be a p p l i e d  o n ly  t o  th o s e  
s t r e a m s  w h e r e  a l g a l  p o p u l a t i o n s  a r e  l i k e l y  t o  f l o u r i s h ,  o t h e r w i s e  
i n a p p r o p r i a t e  s t a n d a r d s  w i l l  be p r e d i c t e d .
T h e  e x i s t e n c e  o f  p h y s i c a l  c o n d i t i o n s  w h i c h  p r e c l u d e ,  o r  
s i g n i f i c a n t l y  l i m i t  th e  d e v e lo p m en t  o f  a l g a e  i n  a s t r e a m  w i l l  p l a c e  the  
s t r e a m  o u t s i d e  o f  t h e  d o m a i n  o f  t h i s  m o d e l .  S uch  c o n d i t i o n s  m i g h t  
i n c l u d e ,  b u t  n o t  be l i m i t e d  t o :
-  High t u r b i d i t y  due t o  i n o r g a n i c  suspended m a t e r i a l  such  a s  s i l t
* High l e v e l s  o f  c o l o r e d  c o l l o i d a l  m a t e r i a l
-  L i g h t  l i m i t a t i o n  d u e  t o  s h a d i n g  by t r e e s  o r  o t h e r  s h o r e l i n e
v e g e t a t i o n .
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As an  exam ple ,  n i t r a t e  d i s c h a r g e s  i n t o  a s t r e a m  w i t h  low t u r b i d i t y  
w o u l d  b e  e x p e c t e d  t o  b e  q u i c k l y  a s s i m i l a t e d  by  a l g a e  a n d  b e c o m e  a 
component  o f  t h e  o v e r a l l  oxygen  demand p o t e n t i a l .  On th e  o t h e r  e x t r e m e ,  
i n  a r i v e r  l i k e  t h e  l o w e r  M i s s i s s i p p i ,  w h e r e  m i n e r a l  t u r b i d i t y  
e f f e c t i v e l y  p r e c l u d e s  a l g a l  g r o w th ,  n i t r o g e n  e n r i c h m e n t ,  r e g a r d l e s s  o f  
t h e  component  mix  would  n o t  p r e s e n t  an im m e d i a t e  p o t e n t i a l  f o r  oxygen 
d e p l e t i o n ,  and  t h e  u s e  o f  t h i s  m o d e l  f o r  s e t t i n g  n i t r o g e n  s t a n d a r d s  
would  n o t  be a p p r o p r i a t e .
I n  t h e  p r o j e c t i o n  o f  c o n d i t i o n s  e x p e c t e d  i n  t h e  wake  o f  n u t r i e n t  
r e d u c t i o n  i m p l e m e n t a t i o n ,  some c o n s i d e r a t i o n  m us t  be g i v e n  t o  t h e  n a t u r e  
o f  n u t r i e n t  c o n s t i t u e n t s  i n  a s t r e a m .  W here  c o m p l e x  o r  r e f r a c t o r y  
n i t r o g e n o u s  m a t e r i a l s  a r e  p r e s e n t ,  t h e i r  r e s i s t a n c e  t o  d e c o m p o s i t i o n  and 
s u b s e q u e n t  a s s i m i l a t i o n  i n t o  t h e  a l g a l  b i o m a s s  w i l l  l i m i t  t h e i r  
c o n t r i b u t i o n  t o  BOD. As such ,  r e d u c t i o n  i n  such  m a t e r i a l s  would n o t  be 
e x p e c t e d  t o  have n e a r l y  a s  s i g n i f i c a n t  an  im p a c t  on BODyjt  r e d u c t i o n  a s  
would a s i m i l a r  r e d u c t i o n  i n  ammonia.
W h i l e  n u t r i e n t s  a r e  o f  c o n c e r n  i n  s t r e a m s ,  t h e r e  i s  a g r e a t e r  
o v e r a l l  i n t e r e s t  i n  t h e i r  i m p a c t  on  l a k e s  i n  L o u i s i a n a .  I t  m u s t  be 
r e c o g n i z e d  t h a t  t h i s  s t u d y ' s  f i n d i n g s  a r e  n o t ,  i n  a n y  way d i r e c t e d  a t  
t h i s  p rob lem .  Lakes may be e x p e c t e d  t o  p r e s e n t  an e n t i r e l y  d i f f e r e n t  s e t  
o f  p r o c e s s e s ,  a t  t h e  h e a r t  o f  w h ich  i s  t h e  d i f f e r e n c e  i n  d e t e n t i o n  t i m e s  
i n v o l v e d .  Where  d e t e n t i o n  t i m e s  i n  l a k e s  a r e  s u f f i c i e n t  f o r  t h e  
d e v e l o p m e n t  o f  s i g n i f i c a n t  p o p u l a t i o n s  o f  n i t r o g e n  f i x i n g  o r g a n i s m s ,  
ph o sphorus  w i l l  l i k e l y  become t h e  n u t r i e n t  o f  c r i t i c a l  co n c e rn .  Thus,  i n  
s t r e a m s  t h a t  d i s c h a r g e  i n t o  l a k e s ,  phosphorus  c o n c e n t r a t i o n s  may be o f  
c o n c e r n  t o  t h e  s t r e a m  m a n a g e r ,  b u t  f o r  m o re  i n d i r e c t  r e a s o n s  t h a n
75
n i t r o g e n .
I t  s h o u l d  be  n o t e d  t h a t  t h e  m o d e l  w a s  d e v e l o p e d  u s i n g  d a t a  
r e f l e c t i n g  c o n d i t i o n s  w h e r e  n i t r o g e n  i s  p r e d o m i n a n t l y  t h e  c r i t i c a l  
n u t r i e n t .  I t  i s  e x p e c t e d  t h a t  a p p l i c a t i o n  o f  t h e  n u t r i e n t  c r i t e r i a  model  
t o  p h o s p h o r u s  c r i t i c a l  s y s t e m s  w o u ld  r e s u l t  i n  o v e r l y  c o n s e r v a t i v e  
s t a n d a r d s ,  t h e  e n f o r c e m e n t  o f  which  would f o r c e  th e  s y s t e m  t o  a n i t r o g e n  
c r i t i c a l  c o n d i t i o n .  A l t h o u g h  t h e r e  i s  no e v i d e n c e  t o  s u g g e s t  t h a t  t h e  
s am e  r e l a t i o n s h i p  w i l l  n o t  h o l d  i n  s t r e a m s  w h e r e  p h o s p h o r u s  i s  t h e  
a p p a r e n t l y  c r i t i c a l  n u t r i e n t ,  and i n  f a c t  th e  model  a p p e a r s  t o  be  q u i t e  
r o b u s t ,  some c a u t i o n  i s  recommended.
CHAPTER V I I I  
CONCLUSIONS AND RECOMMENDATIONS
CONCLUSIONS
N i t r o g e n ,  a s  m e a s u r e d  by t o t a l  K j e l d a h l  n i t r o g e n  (TKN) was  
i d e n t i f i e d  a s  t h e  p r i n c i p a l  n u t r i e n t  o f  c o n c e r n  i n  t h e  p r e d i c t i o n  o f  
a l g a l  b a s e d ,  o r  a u t o c h t h o n o u s  o x y g e n  dem and  i n  t h e  r i v e r s  and  s t r e a m s  
r e p r e s e n t e d  i n  b o th  t h e  LA DEQ and STORET d a t a  s e t s .  Th i s  o b s e r v a t i o n  i s  
c o n s i s t e n t  w i t h  t h e  t h e o r e t i c a l  s t o i c h i o m e t r y  b e h in d  b i o c h e m i c a l  oxygen 
demand,  and s i g n i f i c a n t  i n  t h a t  p h o sphorus  has  t r a d i t i o n a l l y  been  th e  
t a r g e t  n u t r i e n t  f o r  e u t r o p h i c a t i o n  c o n t r o l .  A fu n d a m e n ta l  a s s u m p t i o n  i n  
t h e  a p p l i c a t i o n  o f  t h i s  r e s e a r c h  i s  t h a t  TKN w i l l  be a c l o s e  e s t i m a t e  o f  
TN i n  a l g a l  d o m in a te d  s y s t e m s .
The l i n e a r  m o d e l  d e s c r i b i n g  t h e  r e l a t i o n s h i p  b e t w e e n  TKN and  
a u t o c h t h o n o u s  BOD2Q i n  t h e  r e g i o n  b o u n d e d  a t  a TKN v a l u e  o f  6.0 i s  t h e  
b a s i s  f o r  t h e  d e v e lo p e d  n u t r i e n t  c r i t e r i a  model .  The lo w e r  r e g i o n  i s  th e  
z o n e  o f  p r i n c i p a l  c o n c e r n  t o  r e g u l a t o r y  i n t e r e s t s  s i n c e  i t  i s  w h e r e  
a c c e p t a b l e  BOD c o n d i t i o n s  a r e  f o u n d .  M o r e o v e r ,  t h e  u p p e r  r e g i o n  i s  
d e s c r i b e d  by  a much f l a t t e r  l i n e ,  i n d i c a t i n g  t h a t  a l g a e  a r e  much l e s s  
r e s p o n s i v e  t o  c h a n g e s  i n  n i t r o g e n  a b o v e  a l e v e l  o f  a b o u t  6 .0  m g / 1  TKN. 
I t  a p p e a r s  t h a t  a b o v e  t h i s  l e v e l  o f  e n r i c h m e n t  o t h e r  f a c t o r s ,  s u c h  a s  
p h y s i c a l  f o r c e s  i n  t h e  e n v i r o n m e n t  b eco m e  c r i t i c a l  t o  a l g a l  b i o m a s s  
d e v e l o p m e n t .
The same o v e r a l l  r e l a t i o n s h i p  b e tw e e n  BOD20 and TKN was e v i d e n t  i n  
t h e  STORET d a t a  a s  was  o b s e r v e d  i n  t h e  LA DEQ d a t a .  Among t h e  s t a t e s  
w e l l  r e p r e s e n t e d  i n  t h e  f i l t e r e d  STORET d a t a ,  O h io  and  a lu m p ed  "No 
S t a t e  R ep o r ted "  g roup  showed no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  s lo p e  o f
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t h e  mode l  l i n e  f rom t h a t  f o r  t h e  LA DEQ d a t a .  D e law are ,  P e n n s y lv a n i a  and 
M in n e s o t a  showed s i g n i f i c a n t l y  d i f f e r e n t  s l o p e  v a l u e s  f rom t h a t  o f  th e  
LA DEQ d a t a  mode l .  There  was i n s u f f i c i e n t  d a t a  t o  draw any c o n c l u s i o n s  
r e g a r d i n g  t h e  s o u r c e s  o f  t h e  o b s e r v e d  r e g i o n a l  d i f f e r e n c e s .
I t  was o b s e r v e d  t h a t ,  among th e  l i m i t e d  d a t a  a v a i l a b l e ,  TN and TKN 
w ere  c l o s e l y  c o r r e l a t e d ,  w i t h  TKN g e n e r a l l y  r e p r e s e n t i n g  a b o u t  85% o f  TN 
i n  a s a m p l e .  T h e r e  w e r e  n o  TN r e c o r d s  a v a i l a b l e  t o  c o r r o b o r a t e  t h i s
o b s e r v a t i o n  i n  a l g a l  d o m in a te d  s t r e a m s .  P rudency  r e q u i r e s  t h e  a s s u m p t i o n  
t h a t  TKN i s  a c l o s e  e s t i m a t o r  o f  TN i n  t h e  a b s e n s e  o f  d a t a  t o  t h e  
c o n t r a r y .  The m o d e l  p r e d i c t i o n  i s  i n t e r p r e t e d  a s  t o t a l  n i t r o g e n  t o  
i n s u r e  t h a t  p o t e n t i a l  i m p a c t s  f r o m  s i g n i f i c a n t  n i t r i t e  and  n i t r a t e  
com ponents  a r e  c o n s i d e r e d .  The u s e  o f  TN i n  t h e  a p p l i c a t i o n  o f  t h e  model 
d e v e l o p e d  u s i n g  TKN i s  c o n s e r v a t i v e  i n  t h e  p r e d i c t i o n  o f  a s s o c i a t e d  
oxygen demand. With s p e c i f i c  d a t a  on th e  r e l a t i o n s h i p  be tw een  TKN and 
TN, a l e s s  c o n s e r v a t i v e  m o d e l  may b e  s p e c i f i e d .  I n a d e q u a t e  h i s t o r i c a l  
d a t a  i s  t h e  p r i m a r y  l i m i t a t i o n  i n  t h i s  r e g a r d .  U l t i m a t e l y ,  i t  i s  
r e c o m m e n d e d  t h a t  c o m p r e h e n s i v e  and  r e l i a b l e  TN d a t a  be  c o l l e c t e d  i n  
o r d e r  t o  r e s p e c i f y  t h e  model  i n  t e rm s  o f  a BOD-TN r e l a t i o n s h i p .
E x a m in a t io n  o f  th e  minimum c h l o r o p h y l l  a r e q u i r e m e n t  i n  t h e  model  
d e v e l o p m e n t  d a t a  s e t s  i n d i c a t e d  t h a t  t h i s  c o n s t r a i n t  h a d  a d e f i n i t e  
e f f e c t  on t h e  r e s u l t i n g  m o d e l .  R e c a l i b r a t i o n  o f  t h e  m o d e l  y i e l d e d  a 
m a r g i n a l l y  h i g h e r  m o d e l  s l o p e ,  m e a n i n g  t h a t  t h e r e  w as  s o m e w h a t  m o re  
oxygen demand r e p r e s e n t e d  p e r  u n i t  TKN i n  t h e  d a t a  where  c h l o r o p h y l l  a 
was b e lo w  m i n i m a l  l e v e l s  t h a n  i n  th e  d a t a  where  c h l o r o p h y l l  a was above 
10.0 u g /1  and a l g a e  were  d o m in e n t .  The r e c a l i b r a t i o n  a l s o  y i e l d e d  a much 
g r e a t e r  l e v e l  o f  m o d e l  u n c e r t a i n t y  t h a n  t h e  c h l o r o p h y l l  r e s t r i c t e d
m o d e l .  I t  was  c o n c l u d e d  t h a t  t h e  d i f f e r e n c e s  i n  mean  p r e d i c t e d  o x y g e n  
demand were  i n s i g n i f i c a n t  f rom a p r a c t i c a l  s t a n d p o i n t ,  b u t  th e  d r a m a t i c  
i n c r e a s e  i n  model  u n c e r t a i n t y  was r e f l e c t i n g  a much more h e t e r o g e n e u o s  
sam ple  p o p u l a t i o n .  The i m p o s i t i o n  o f  a minium c h l o r o p h y l l  r e q u i r e m e n t  
w as  e f f e c t i v e  i n  d e f i n i n g  a m o r e  h o m o g e n e o u s  s u b s e t ,  r e f l e c t i n g
c o n d i t i o n s  a s s o c i a t e d  w i t h  a l g a l  dominance .
M odel  p r e d i c t i o n  u n c e r t a i n t y  was  s i g n i f i c a n t  a n d  r e q u i r e d  t h e  
e x p r e s s i o n  o f  model  p r o j e c t i o n s  i n  t e r m s  o f  p r o b a b i l i t i e s  o f  exceedence  
o f  g i v e n  BOD2Q s t a n d a r d s .  The d e v e l o p e d  p r o b a b i l i s t i c  n u t r i e n t  c r i t e r i a  
model  p r o v i d e s  a s u p p le m e n t  t o  t h e  w a s t e  l o a d  a l l o c a t i o n  (WLA) p r o c e s s  
f o r  t h e  p r o t e c t i o n  o f  r i v e r s  and s t r e a m s  f rom th e  a d v e r s e  consequenc es  
o f  a l g a l  r e l a t e d  oxygen demand.  The u s u a l  w a s t e  lo a d  a l l o c a t i o n  p r o c e s s  
p r o v i d e s  an e s t i m a t e  o f  t h e  maximum BODu ^t  a l l o w a b l e  f o r  any p o i n t  i n  a 
s t r e a m .  Th i s  BOD s t a n d a r d  i n c o r p o r a t e s  s i t e  s p e c i f i c  c o n s i d e r a t i o n s  i n t o  
a n  e s t i m a t e  o f  t h e  a s s i m i l a t i v e  c a p a c i t y  o f  t h e  s t r e a m .  The  
p r o b a b i l i s t i c  n u t r i e n t  c r i t e r i a  model  p r e d i c t s  a maximum t o t a l  n i t r o g e n  
c o n c e n t r a t i o n  t h a t  may be e x p e c t e d  t o  be  a s s o c i a t e d  w i t h  t h e  s p e c i f i e d  
BOD s t a n d a r d .
The i n c o r p o r a t i o n  o f  r i s k  in  t h e  model  s t r u c t u r e  i s  v i t a l  s i n c e  the  
l e v e l  o f  u n c e r t a i n t y  i n  n a t u r a l  w a t e r s  i s  c h a r a c t e r i s t i c a l l y  
s i g n i f i c a n t .  M oreover ,  t h e  i n c o r p o r a t i o n  o f  r i s k  a l l o w s  th e  u s e  o f  th e  
m o d e l  o v e r  a r a n g e  o f  r i s k  l e v e l s ,  t a i l o r e d  t o  m e e t  l o c a l  r e g u l a t i o n s  
and s i t e  s p e c i f i c  r e q u i r e m e n t s .
The m o d e l  c a n  o n l y  p r o v i d e  a n  e s t i m a t e  o f  t h e  t o t a l  a m o u n t  o f  
n i t r o g e n  t h a t  may be  i n  t h e  w a t e r  c o l u m n  t o  i n s u r e  t h a t  a l g a l  b a s e d  
oxygen demand r e m a i n s  w i t h i n  s p e c i f i e d  s t a n d a r d s .  Where c o n c e n t r a t i o n s  
a r e  i n  e x c e s s  o f  t h o s e  r e q u i r e d  by t h e  m o d e l ,  a n  i n v e n t o r y  o f  l o a d i n g
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s o u r c e s  m u s t  be  c o n d u c t e d  t o  i d e n t i f y  a n d  a s s e s s  s t r a t e g i e s  f o r  
r e d u c t i o n .
The p r o b a b i l i s t i c  n u t r i e n t  c r i t e r i a  model  p r o v i d e s  a s i g n i f i c a n t  
ad v a n ta g e  o ver  t h e  p r e s e n t l y  a v a i l a b l e  t e c h n i q u e s  f o r  n u t r i e n t  i m p a c t  
a s s e s s m e n t  i n  t h e  WLA p r o c e s s .  By u s i n g  l a r g e  h i s t o r i c a l  d a t a b a s e s  and a 
p r o b a b i l i s t i c  ap p ro a c h ,  f u n d a m e n ta l  p r o c e s s e s  a r e  c h a r a c t e r i z e d  w i t h  a 
minimum r e q u i r e m e n t  f o r  s i t e  s p e c i f i c  s u p p o r t  d a t a  and th e  e s t i m a t i o n  o f  
k i n e t i c  f o r m u l a t i o n s .  The  m o d e l  i s  f i r m l y  b a s e d  i n  t h e  r e a l i t y  o f  
m e a s u r a b l e  and o b s e rv e d  d a t a .
The d e m o n s t r a t e d  s t r e n g t h  o f  th e  modeled  r e l a t i o n s h i p  o v e r  a r ange  
o f  v e r y  d i v e r s e  d a t a  s u g g e s t s  t h a t  t h e  model  w i l l  be w i d e l y  a p p l i c a b l e .  
The p r o c e s s e s  r e p r e s e n t e d  t e n d  to  be u b i q u i t o u s ,  m i n i m i z i n g  r e l i a n c e  on 
s i t e  s p e c i f i c  p a r a m e t e r  e s t i m a t i o n s ,  and m a x im iz in g  th e  v a l u e  o f  l a r g e  
h i s t o r i c a l  d a t a b a s e s .  G i v e n  t h e  l i m i t a t i o n s  o f  u s i n g  h i s t o r i c a l  d a t a  
f r o m  d i v e r s e  s o u r c e s ,  t h e  s t r e n g t h  o f  t h e  o b s e r v e d  B O D - n i t r o g e n  
r e l a t i o n s h i p  i s  i m p r e s s i v e .  The b i g g e s t  l i m i t a t i o n  t o  w i d e - s p r e a d  
a p p l i c a t i o n  i s  t h e  s i m p l e  l a c k  o f  a d e q u a t e  s t r e a m  d a t a .  A l l  e v i d e n c e  
s u g g e s t s  t h a t  t h e  m o d e l e d  r e l a t i o n s h i p  i s  q u i t e  r o b u s t  and w i l l  n o t  
change s u b s t a n t i a l l y  a s  a d d i t i o n a l  v e r i f i c a t i o n  d a t a  becomes  a v a i l a b l e  
i n  t h e  f u t u r e .
RECOMMENDATIONS
FUTURE MODELING EFFORTS. A l t h o u g h  t h e  m o d e l  d e v e l o p e d  i n  t h i s  s t u d y  
s e e m s  t o  r e p r e s e n t  t h e  d a t a  w e l l ,  a g e n e r a l  r e - e x a m i n a t i o n  o f  t h e  
r e l a t i o n s h i p  b e t w e e n  a l l o c h t h o n o u s  BOD a n d  n u t r i e n t s  i n  t h e  S t a t e ' s  
s t r e a m s  s h o u l d  be  u n d e r t a k e n  a t  some p o i n t  i n  t h e  f u t u r e  when a m o re  
s u b s t a n t i a l  m a s s  o f  s u i t a b l e  d a t a  i s  a v a i l a b l e .  I n  p a r t i c u l a r ,  i t  i s
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recommended t h a t  t o t a l  n i t r o g e n  d a t a  be  r o u t i n e l y  c o l l e c t e d  so t h a t  the  
r e l a t i o n s h i p  b e t w e e n  TN a n d  TKN may be  b e t t e r  d e f i n e d  and  u n d e r s t o o d .  
U l t i m a t e l y ,  i t  would  be i d e a l  t o  r e s p e c i f y  t h e  model  d i r e c t l y  i n  t e rm s  
o f  TN. I t  would  be e x p e c t e d  t h a t  t h e  g e n e r a l  s t r u c t u r e  o f  t h e  model w i l l  
p r e v a i l ,  b u t  t h e  m o d e l  c o e f f i c i e n t ( s )  may r e q u i r e  a d j u s t m e n t .  Re­
e x a m i n a t i o n  o f  t h e  c a l i b r a t e d  n u t r i e n t  c r i t e r i a  model  d e v e lo p e d  i n  t h i s  
i n v e s t i g a t i o n  w i t h  a l a r g e r  d a t a  s e t  may w e l l  r e s u l t  i n  a m o d e s t  
d e c r e a s e  i n  t h e  u n c e r t a i n t y  o f  t h e  m o d e l ' s  p r e d i c t i o n s .
G iven  t h e  t h e o r e t i c a l  im p o r t a n c e  o f  t h e  o r g a n i c  n i t r o g e n  f r a c t i o n ,  
a s  d e f i n e d  i n  C h a p t e r  I I I ,  t h e r e  i s  a d e f i n i t e  need  f o r  f u t u r e  r e s e a r c h  
i n t o  t h e  r e l a t i o n s h i p  b e t w e e n  t h i s  p a r a m e t e r  a n d  g e n e r a l  l e v e l  o f  
n u t r i e n t  e n r i c h m e n t .  S p e c i f i c a l l y ,  o r g a n i c  n i t r o g e n  d a t a  s h o u l d  be  
c o l l e c t e d  c o i n c i d e n t  w i t h  TN and  TKN d a t a .  One o f  t h e  d i f f i c u l t i e s  i n  
e x a m i n i n g  t h e  STORET d a t a  was  t h a t  a l a r g e  p r o p o r t i o n  o f  t h e  r e p o r t e d  
a m m o n i a  c o n c e n t r a t i o n s  w e r e  f o u n d  t o  b e  g r e a t e r  t h a n  t h e  TKN 
c o n c e n t r a t i o n s  f o r  t h e  s a m e  o b s e r v a t i o n .  T h e s e  r e c o r d s  w e r e  n o t  
c o n s i d e r e d  i n  e x a m i n i n g  o r g a n i c  n i t r o g e n  f r a c t i o n ,  b u t  s u b t l e r  
i n a c c u r a c i e s  c o u ld  w e l l  e x i s t  in  t h e  r e m a i n i n g  r e c o r d s .
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WATER QUALITY MONITORING. In  t h e  g e n e r a l  c o n t e x t  o f  f u t u r e  w a t e r  q u a l i t y  
m o n i t o r i n g  p r a c t i c e s  t o  s u p p o r t  f u r t h e r  d e v e lo p m en t  o f  t h e  p r o b a b i l i s t i c  
n u t r i e n t  c r i t e r i a  m o d e l  t h e r e  s h o u l d  b e  a s t a n d a r d i z e d  s u i t e  o f  
p a r a m e t e r s  c o l l e c t e d  i n  c o n j u n c t i o n  w i t h  a l l  s a m p l i n g  p rogram s .  These 
p a r a m e t e r s  s h o u ld  i n c l u d e ,  b u t  n o t  n e c e s s a r i l y  be  l i m i t e d  t o :
-  BOD20
-  T o t a l  N i t r o g e n
- T o t a l  k j e l d a h l  n i t r o g e n
-  Ammonia n i t r o g e n
-  N i t r i t e / n i t r a t e s
-  T o t a l  phosphorus
- O r th o -p h o s p h o ru s
-  D i s s o l v e d  oxygen
- C h l o r o p h y l l  a ( C o r r e c t e d  f o r  p h e o p h y t in )
-  S ecch i  t r a n s p a r e n c y
- T u b i d i t y
-  T em pera tu re
R o u t in e  c o l l e c t i o n  o f  t h e s e  p a r a m e t e r s  w i l l  p e r m i t  b o th  th e  a p p l i c a t i o n  
o f  t h e  n u t r i e n t  c r i t e r i a  m o d e l  d e s c r i b e d  i n  t h i s  r e p o r t ,  a s  w e l l  a s  
p r o v i d i n g  a c o n s i s t e n t  d a t a  b a s e  on r i v e r s  and s t r e a m s .
The e x i s t e n c e  o f  l a r g e  h i s t o r i c a l  d a t a b a s e s  a f f o r d s  t h e  r e s e a r c h e r  
a p o t e n t i a l l y  i n v a l u a b l e  r e s o u r c e .  E v e r y  e f f o r t  s h o u l d  be  made  on t h e  
p a r t  o f  s u p e r v i s i n g  a g e n c i e s  t o  i n s u r e  t h e  u t i l i t y  a n d  q u a l i t y  o f  t h e  
r e c o r d s .
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APPENDIX A
LOUISIANA DEPARTMENT OF ENVIRONMENTAL QUALITY 
INTENSIVE SURVEY DATA LISTING
T h i s  a p p e n d i x  c o n t a i n s  a l i s t i n g  o f  LA DEQ d a t a  t h a t  was  u s e d  i n  
t h e  n u t r i e n t  c r i t e r i a  m o d e l  d e v e l o p m e n t .  O n ly  t h o s e  r e c o r d s  t h a t  
in c l u d e d  c o r r e c t e d  c h l o r o p h y l l  a i n  e x c e s s  o f  10.0 u g /1  a r e  i n c l u d e d  i n  
t h i s  l i s t i n g .
The f o l l o w i n g  a b b r e v i a t i o n s  a r e  u s e d :
B0D20S 20 day BOD s u p p r e s s e d  f o r  n i t r o g e n o u s  demand (mg/1)
BOD20 20 day BOD (mg/1)
CHLA U n c o r r e c te d  c h l o r o p h y l l  a ( u g / 1 )
C_CHLA C h l o r o p h y l l  a c o r r e c t e d  f o r  p h e o p h y t in  ( u g / 1 )
PHEO A P h e o p h y t in  a ( u g / 1 )
TKN T o t a l  K j e l d a h l  n i t r o g e n  (mg/1)
TP T o t a l  p h o sphorus  (mg/1)
DO D is s o l v e d  oxygen (mg/1)
TEMP T em pera tu re  i n  d e g r e e s  C
COND C o n d u c t i v i t y  (umhos)
FLOW Flow in  c u b ic  f e e t  p e r  second
DEPTH Depth o f  sample ( F t . )





















































SEGMENT SAMPLE DATE DEPTH BOD20 TKN
0203 D1 5 / 2 7 / 8 0 2 . 4 45 .0 3 10.70
0203 D2 5 /2 7 / 8 0 • 4 8 .0 5 2 9 .30
0203 D3 5 / 2 7 / 8 0 1 .8 4 3 .2 9 15 .00
0203 D4 5 / 2 7 / 8 0 1.2 35 .06 7 .90
0203 D5 5 / 2 7 / 8 0 2.1 31 .15 7 .70
0203 D6 5 / 2 7 / 8 0 2 .2 14 .70 2 .10
0203 D7 5 / 2 7 / 8 0 3 . 0 17 .18 3 .7 0
0203 D8 5 /2 7 / 8 0 2 . 3 14 .68 2 .20
0501 D2 7 / 0 9 / 8 0 0 . 3 37 .28 14 .82
0501 D4 7 /0 9 / 8 0 0 . 9 3 3 .3 0 4 . 9 5
0501 D5 7 / 0 9 / 8 0 1.1 32 .58 4 .2 0
0501 D7 7 /0 9 / 8 0 0 . 5 14 .10 1 .04
0501 D8 7 /0 9 / 8 0 0 . 9 17 .20 2 .04
0501 D9 7 /0 9 / 8 0 0 . 9 14 .20 1 .03
0515 BY-D2 7 / 0 9 / 8 0 9 28 .32 5 .50
0515 BY-D3 7 /0 9 / 8 0 • 29 .48 5 .00
0515 BY-D4 7 /0 9 / 8 0 • 28 .96 3 .7 6
0504 D3 6 /2 4 / 8 0 1 .5 2 2 .27 2 .65
0504 D4 6 / 2 4 / 8 0 1.2 19.35 3 .1 3
0504 D5 6 /2 4 / 8 0 0 . 9 13 .55 1.67
0504 D6 6 /2 4 / 8 0 1 .5 16 .50 2.01
0504 D7 6 /2 4 / 8 0 1 .5 14 .60 1 .92
0504 D8 6 /2 4 / 8 0 1 .5 18.95 2 .00
0504 D9 6 /2 4 / 8 0 1 .5 19 .90 1 .84
1009 D5 7 /0 1 / 8 0 • 14 .63 1 .42
1005 MB3 7 /0 1 / 8 0 0.1 14 .65 1 .63
1005 MB4 7 / 0 1 / 8 0 0.1 6 .8 0 3 .3 4
1005 MB5 7 /0 1 / 8 0 0.1 32 .11 9 .92
1211 D3 7 / 2 9 / 8 0 1 .0 8 .4 5 1.18
1211 D4 7 / 2 9 / 8 0 2 .0 9 .1 0 1 .16
1211 D5 7 /2 9 / 8 0 1.0 8 .6 0 0 . 9 0
1211 D6 7 /2 9 / 8 0 2 . 4 9 .61 1.63
1211 D7 7 / 2 9 / 8 0 4 . 0 6 .8 0 1.63
1211 DIO 7 / 2 9 / 8 0 2 . 7 10 .50 2 .29
1211 D l l 7 / 2 9 / 8 0 4 . 0 11.10 2 .39
1211 D12 7 / 2 9 / 8 0 2 .0 4 . 7 0 1 .38
1211 D13 7 / 2 9 / 8 0 2 .8 12 .75 1 .92
1211 D14 7 /2 9 / 8 0 4 . 0 7 .17 1 .38
1211 D15 7 / 2 9 / 8 0 2 .0 9 .7 5 1.61
1211 D16 7 /2 9 / 8 0 2 .0 1 1 .80 1.63
1211 D17 7 /2 9 / 8 0 5 . 0 10.05 1 .60
1211 D18 7 / 2 9 / 8 0 3 . 5 12 .17 2.02
1211 D19 7 /2 9 / 8 0 2 .0 6 .7 0 1 .65
1211 D20 7 /2 9 / 8 0 7 . 0 8 .4 0 1.25
1211 D21 7 / 2 9 / 8 0 • 8 .6 0 2 .3 9
1211 D22 7 / 2 9 / 8 0 2 .2 9 .6 3 1 .96
1211 D23 7 /2 9 / 8 0 6 .0 8 .4 0 1 .99
1211 D24 7 /2 9 / 8 0 5 .2 9 .2 5 1 .78
1211 D25 7 /2 9 / 8 0 6 .0 7 .10 1 .16
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OBS SEGMENT SAMPLE DATE DEPTH BOD20 TKN TP C_CHLA
51 1003 D1 7 /1 5 / 8 0 0 . 5 18 .90 6 .31 0 .4 8 178.60
52 1003 D2 7 /1 5 / 8 0 0 .2 26 .78 12.71 4 . 5 3 105.80
53 1003 D3 7 /1 5 / 8 0 0 . 3 27 .8 0 11.91 4 . 9 7 54 .40
54 1003 D4 7 /1 5 / 8 0 1 .5 9 . 9 0 2 .6 2 0 .31 4 5 .4 0
55 1003 D5 7 / 1 5 / 8 0 0 . 5 22 .26 5.01 0 .7 3 8 5 .1 0
56 1003 D6 7 /1 5 / 8 0 1 .5 19 .28 2.20 0 . 4 6 97 .80
57 1016 D2 6 /0 3 / 8 0 0 .8 5 . 6 0 7 .3 2 0.20 11.20
58 0533 CC3 7 /2 1 /8 1 2 .0 4 3 .9 5 10 .90 4 . 9 6 109 .00
59 0533 CC4 7 /2 1 /8 1 2 .0 8 . 7 0 1.68 0 .42 4 0 .9 0
60 0533 CC5 7 /2 1 /8 1 5 . 0 1 1 .40 2 .0 3 0 .6 9 36 .10
61 0533 CC6 7 /2 1 /8 1 « 4 . 7 0 1.10 0 .5 6 17 .50
62 0533 CC7 7 /2 1 /8 1 5 . 0 6 .00 1 .38 0 .3 2 54 .10
63 0533 CC8 7 /2 1 /8 1 5 . 5 5 . 8 0 1.51 0 .1 7 24 .10
64 0533 MC1A 7 /21 /81 0.1 10 .25 1 .57 0 . 2 8 209 .80
65 0533 MC2 7 /2 1 /8 1 0 . 5 34 .95 3 .62 0 .52 150.40
66 0533 MC2A 7 /2 1 /8 1 0 .6 2 5 .5 0 2 . 7 3 0 . 8 4 112.80
67 0533 MC3 7 /2 1 /8 1 0 . 5 3 2 .40 3 .50 0 .95 180.50
68 0533 MC4 7 /2 1 /8 1 0 . 7 18.05 3 .0 2 0 .5 7 3 1 .00
69 0533 MC5 7 /2 1 /8 1 1.2 10 .85 1 .27 0 .3 0 5 0 .80
70 0533 TB1 7 /2 1 /8 1 0 .2 3 9 .3 0 8 .3 4 1.20 71 .06
71 0533 TB2 7 /2 1 /8 1 0 . 4 10 .45 1 .44 0 .6 7 32 .15
72 0533 TB4 7 /2 1 /8 1 2 . 5 1 3 .2 0 2 .5 9 0 .3 7 12.22
73 0533 TB6 7 /2 1 /8 1 3 .1 12 .50 1.86 0 .4 5 1 3 .54
74 0533 TB7 7 /2 1 /8 1 0 . 9 11 .55 1.09 0 . 3 3 37 .60
75 0415 BB2 6 /0 2 /8 1 2 . 3 11 .85 2.12 0 .4 3 127 .00
76 0415 BB3 6 /0 2 /8 1 2 . 9 8 .20 3 .1 3 0 . 5 2 4 2 .3 0
77 0415 BB4 6 /0 2 /8 1 3 . 4 7 .6 0 1 .70 0 .3 0 63 .50
78 0415 BB5 6 /0 2 /8 1 3 . 0 3 .7 5 1 .29 0 .2 3 25 .70
79 0415 BB5-A 6 /0 2 /8 1 3 . 0 4 . 0 5 1.10 0.12 20 .40
80 0415 BB6 6 /0 2 / 8 1 3 . 0 3 .7 0 0 .6 7 0.11 13 .60
81 0415 W14-1A 6 /0 2 /8 1 0 . 3 10 .60 3 .49 1 .99 11.30
82 0415 W14-1B 6 /0 2 /8 1 0 . 3 19 .30 5 .7 8 2 .68 10.20
83 0415 W14-2 6/Q2/81 3 . 0 29 .60 10 .36 4 .7 2 90 .70
84 0415 W14-3 6 /0 2 / 8 1 1 .0 6 .0 5 1 .84 0 . 9 5 21.20
85 0415 W14-4 6 /0 2 /8 1 1 .4 6 .1 5 1 .37 0 .7 6 19.70
86 1023 OR1 5 /1 9 /8 1 0 . 5 59 .70 15 .48 4 .3 1 22 .70
87 1023 OR2 5 /1 9 /8 1 0 . 3 3 7 .1 0 10 .16 4 . 4 0 28 .70
88 1023 OR3 5 /1 9 /8 1 0 .6 3 6 .10 5 .1 6 1 .92 21.20
89 1023 OR4 5 /1 9 /8 1 0 . 5 3 5 .8 0 13.21 5 .73 34 .00
90 1023 OR5 5 /1 9 /8 1 0 . 5 38 .70 8.41 1 .55 32 .60
91 0505 Dl-AM 7 /0 7 / 8 2 7 . 3 5 .4 0 0 . 8 0 0 .1 6 50 .80
92 0505 D2-AM 7 /0 7 / 8 2 7 .3 4 . 8 0 1.21 0 .22 34 .50
93 0505 D3-AM 7 /0 7 / 8 2 7 . 0 5 . 8 0 1 .14 0 .1 5 27 .70
94 0505 D4-AM 7 /0 7 / 8 2 7 . 3 4 . 6 0 0 .91 0 . 1 5 25 .60
95 0505 D5-AM 7 /0 7 / 8 2 4 . 6 9 .5 0 1 .00 0 .2 3 22 .30
96 0505 D6-AM 7 /0 7 / 8 2 4 . 9 4 . 4 0 0 . 8 3 0 .1 7 3 2 .50
97 0505 D7-AM 7 /0 7 / 8 2 4 . 3 6 .20 1 .1 4 0 .2 3 4 7 .4 0
98 0505 D8 -AM 7 /0 7 / 8 2 4 . 8 6 .00 1 .05 0.21 38.60
99 0505 D9-AM 7 /0 7 / 8 2 1 5 .0 5 .3 0 0 .9 3 0 .3 4 4 0 .6 0




















































SEGMENT SAMPLE DATE DEPTH BOD20 TKN TP
0505 Dll-AM 7 / 0 7 / 8 2 13 .0 5 . 3 0 .88 0 .17
0505 D12-AM 7 / 0 7 / 8 2 1 3 .0 4 . 7 0 . 8 4 0 .1 9
0505 D13-AM 7 / 0 7 / 8 2 12.0 4 .1 0 .7 3 0 .20
0505 D14-AM 7 /0 7 / 8 2 12 .0 2 . 4 0 .7 8 0 .1 9
0505 D15-AM 7 / 0 7 / 8 2 7 . 0 2 . 3 0 .8 3 0.21
0505 D16-AM 7 /0 7 / 8 2 7 . 0 2 .9 0 .68 0 .17
0505 D17-AM 7 / 0 7 / 8 2 7 . 0 3 . 2 0 .86 0 . 2 4
0505 D24-AM 7 / 0 7 / 8 2 3 . 0 4 . 2 1 .07 0 .1 9
0505 D25-AM 7 / 0 7 / 8 2 1.2 3 . 5 1 .0 8 0 .1 9
0505 D30-AM 7 /0 7 / 8 2 3 . 5 3 . 4 1 .65 0 .3 0
0505 D31-AM 7 / 0 7 / 8 2 4 . 5 4 .1 0 .5 0 0 .1 4
0505 D32-AM 7 / 0 7 / 8 2 5 .7 4 . 4 0 . 9 0 0 .1 5
0517 VR21-AM 8 / 0 3 / 8 2 1.0 3 5 .4 4 . 2 9 0 .8 9
0517 VR27-AM 8 / 0 3 / 8 2 3 . 0 1 3 .3 1 .49 0 .6 9
0517 VR34-AM 8 / 0 3 / 8 2 3.1 9 .1 1 .5 5 0 .5 5
0517 VR38-AM 8 / 0 3 / 8 2 5 .1 7 . 6 1 .28 0 .5 3
0517 VR43-AM 8 /03782 3 . 0 7 .7 1 .81 0 .85
0517 VR44-AM 8 / 0 3 / 8 2 4 . 0 7 .7 1.66 0 .37
0517 VR45-AM 8 / 0 3 / 8 2 4 . 0 5 .2 1 .36 0 .27
0517 VR48-AM 8 / 0 3 / 8 2 3 . 0 8 .2 1 .38 0 .2 8
0801 Q11D-AM 5 / 1 8 / 8 2 • 3 1 .6 7 .2 8 2 .5 6
0801 Q17 -AM 5 / 1 8 / 8 2 10.0 3 .6 0 .9 6 0 .0 5
0815 TB2 4 / 2 7 / 8 2 0 . 5 115 .5 15 .50 4 .51
0815 TB3 4 / 2 7 / 8 2 • 66 .7 6 .15 1 .55
0815 TB4 4 / 2 7 / 8 2 • 66.1 6 . 5 3 4 .2 5
0815 TB4A 4 / 2 7 / 8 2 0 . 7 6 2 .3 7 .46 2 .5 0
0815 TB5 4 / 2 7 / 8 2 • 5 8 .3 8 .00 2 .7 6
0404 PARI 4 / 2 0 / 8 2 5 . 5 5 . 9 0 . 9 6 0 .1 5
0404 PAR2 4 / 2 0 / 8 2 7 . 0 5 . 4 1 .1 4 0 .2 3
0404 NR1 4 / 2 0 / 8 2 1 .9 9 . 3 1 .52 0 .9 2
0404 NR2 4 / 2 0 / 8 2 3 .3 11.8 1 .45 0 .85
0404 NR3 4 / 2 0 / 8 2 3 . 3 9 . 3 1.20 0 .6 0
0404 NR4 4 / 2 0 / 8 2 3 .3 7 .7 1 .1 3 0 .49
0404 SVC1 4 / 2 0 / 8 2 2 . 3 8 . 3 1 .28 0 .4 9
0404 BYF1 4 / 2 0 / 8 2 0 .8 4 6 .2 5 .0 3 1 .74
0404 BYF2 4 / 2 0 / 8 2 1.0 5 19 .0 12 .60 4 . 4 4
0404 BYF3 4 / 2 0 / 8 2 1 .5 2 7 9 .0 3 .6 9 2 .71
0404 BYF4 4 / 2 0 / 8 2 2 .0 8 3 . 4 2 .17 1.71
0404 BYF5 4 / 2 0 / 8 2 2 . 4 13 .4 1 .4 0 0 .9 9
0411 ABR3 6 / 2 2 / 8 2 4 . 5 7 . 0 1 .26 0 .37
0411 TCH7 6 / 2 2 / 8 2 7 .5 5 .7 0 .5 2 0 .1 6
0411 TCH8 6 / 2 2 / 8 2 6 . 3 4 . 3 0 .4 5 0 .1 3
0411 BFR6 6 / 2 2 / 8 2 4 . 5 7 .3 0 . 7 6 0 .1 5
0411 BFR7 6 / 2 2 / 8 2 4 . 5 3 . 4 0 .4 5 0 .0 9
1016 BV1 5 / 2 5 / 8 2 1.0 6 . 3 0 . 7 0 0 .1 3
1016 BV2 5 / 2 5 / 8 2 • 19 .2 2 .4 8 0.12
1011 HT4 6 / 0 8 / 8 2 • . • •
1011 CV1 5 /0 4 / 8 2 • 30 .5 2 .8 4 0 .5 4
1011 CV2 5 / 0 4 / 8 2 • 9 . 4 2 .2 6 6 .40
1109 AC13-AM 7 /2 0 / 8 2 • 3 4 .2 5 .4 4 2 .6 4
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SEGMENT SAMPLE DATE DEPTH BOD20 TKN TP C_CHLA
0408 ABR2A 7 / 2 6 / 8 3 2 . 7 5 . 4 0 .6 7 0.10 11 .3
0408 ABR3 7 / 2 6 / 8 3 4 . 0 5 . 0 0 .52 0 . 0 8 19.2
0408 ABR4 7 / 2 6 / 8 3 4 . 3 6.1 0 .3 9 0 .0 7 16 .9
0408 BFR6 7 / 2 6 / 8 3 3 . 4 5 . 8 0 .32 0 .0 5 24 .0
0408 BZ01 7 / 2 6 / 8 3 1.6 9 . 6 1 .07 0 .47 11 .9
0408 BZ02 7 /2 6 / 8 3 12.0 5 .1 0 .77 0 .1 5 30.5
0408 TCH7 7 / 2 6 / 8 3 7 .9 6 .8 0 .7 5 0 .17 31 .5
0408 TCH8 7 /2 6 / 8 3 6 .2 4 . 0 0 .37 0.10 13 .3
0408 TCH9 7 / 2 6 / 8 3 12 .5 5 . 0 0 .4 3 0.10 24 .0
0408 TCH9A 7 / 2 6 / 8 3 2 .3 4 . 9 0 .49 0 . 0 8 18.2
0408 TCH9B 7 /2 6 / 8 3 3 . 5 6 .8 0 .5 2 0 .10 17 .6
0408 TCH10 7 /2 6 / 8 3 9 . 4 4 . 7 0 .3 6 0.10 18.6
0408 TCH10A 7 / 2 6 / 8 3 2 . 9 8.1 0 . 8 0 0 .8 2 33 .1
0408 TCH11 7 / 2 6 / 8 3 7 . 3 3 . 6 0 .3 9 0.12 10.6
0408 TCH12 7 / 2 6 / 8 3 9 . 4 3 . 3 0 .5 2 0 .1 3 15 .9
0408 TCH13 7 / 2 6 / 8 3 3 . 5 6.1 0 .9 2 0.11 43 .1
0207 JP-PS2 9 / 2 0 / 8 3 1 .0 15.7 2.10 0 .3 5 25 .7
0207 JP-PS3 9 / 2 0 / 8 3 2.1 17 .3 2 .5 0 0 .2 3 49 .7
0207 JP-PS4 9 / 2 0 / 8 3 2 .0 24 .1 3 .4 0 0 .5 3 6 6 .3
0207 JP-PS5 9 / 2 0 / 8 3 1.0 6 .0 0 .9 2 0 .2 3 12 .4
0207 JP -PS6 9 / 2 0 / 8 3 2 .7 27.1 5 .1 0 1.25 8 2 .8
0207 JP-PS7 9 / 2 0 / 8 3 1.0 10.6 1.21 0 .17 6 8 .3
0207 JP-PS8 9 / 2 0 / 8 3 0 . 9 1 4 .4 2 .0 9 0 .60 2 2 .4
0207 JP-PS9 9 / 2 0 / 8 3 2 .4 1 4 .4 1.71 0 .57 17 .8
0207 JP-PS10 9 / 2 0 / 8 3 0 . 9 32 .8 4 . 0 5 0 .2 3 9 5 .2
0207 JP-PS11 9 / 2 0 / 8 3 0 .8 20 .7 1 .46 0 .3 7 4 2 . 2
0207 JP-PS14 9 / 2 0 / 8 3 3 . 0 2 5 .2 4 . 5 4 0 .74 10.8
0207 JP1 9 / 2 0 / 8 3 2 .5 20.6 2 .9 0 1.15 16.6
0207 JP3 9 / 2 0 / 8 3 2.1 22.6 4 . 3 0 0 .7 5 27.1
0207 JP4 9 / 2 0 / 8 3 2 .3 22 .0 3 .7 0 0 . 9 0 3 4 .8
0207 JP5 9 / 2 0 / 8 3 2 .2 10.6 2 .0 9 0 .2 4 6 4 .2
0207 JP9 9 / 2 0 / 8 3 2 .2 16 .9 2 .20 0 .5 8 38 .1
0207 JP10 9 / 2 0 / 8 3 2 .0 106.5 10.20 3 .2 4 13 .3
0207 JP11 9 / 2 0 / 8 3 1 .5 1 7 .3 2.02 0 .3 0 6 8 .3
0207 JP11A 9 / 2 0 / 8 3 2 . 4 12 .9 1 .7 6 0 .3 5 4 6 . 4
0207 JP14 9 / 2 0 / 8 3 2.1 2 4 . 0 2 .0 8 0 .51 3 4 .8
0207 JP15 9 / 2 0 / 8 3 0 . 3 5 .1 1 .07 0 .2 4 12 .4
0207 JP16 9 / 2 0 / 8 3 4 . 0 5 . 4 1 .26 0.21 10.8
0207 JP19 9 / 2 0 / 8 3 6 .8 8 .7 1.02 0 .0 9 1 8 .6
0207 JP20 9 /2 0 / 8 3 5 .1 7 .2 1 .25 0 .1 6 14.5
0207 JP24A 9 / 2 0 / 8 3 3 . 6 5 . 4 1.10 0 .31 11.6
0207 JP25 9 / 2 0 / 8 3 2 .0 6 . 5 1 .29 0 .3 3 14.9
0207 JP27A 9 / 2 0 / 8 3 5 . 9 5 .5 1 .16 0 .3 0 10.8
0207 JP28 9 /2 0 / 8 3 4 . 2 5 . 5 0 .86 0 .1 9 11.6
0207 JP28A 9 / 2 0 / 8 3 4 . 4 8 . 3 1 .15 0 .3 0 10.8
0207 JP28B 9 / 2 0 / 8 3 4 . 9 7 .1 0 . 9 0 0 .17 20 .7
0207 JP29 9 / 2 0 / 8 3 3 .9 10.1 1 .3 6 0 .4 0 16 .2
0207 JP30 9 / 2 0 / 8 3 3 .7 11.6 0 .9 4 0 .4 6 2 4 .4
1005 MNl 8 / 1 6 / 8 4 0 .2 10 .9 1 .58 0 .3 4 10.6
1005 MN2 8 / 1 6 / 8 4 0 . 5 3 6 .2 3 .54 0 . 9 8 15 .2
92
OBS SEGMENT SAMPLE DATE DEPTH BOD20 TKN TP C_CHLA
251 1005 MN3 8 /1 6 / 8 4 0 .2 114 .5 12.00 3 .4 0 22 .5
252 1005 MN5 8 /1 6 / 8 4 0 . 7 20 .4 2 .7 0 1 .30 34 .5
253 1005 MN6 8 /1 6 / 8 4 0 . 3 1 6 .8 2 .0 4 1.10 28 .7
254 1005 MN7 8 /1 6 / 8 4 0 . 4 13.0 1 .92 0 . 9 6 69 .6
255 1005 MN8 8 /1 6 / 8 4 • 3 9 .9 11.20 2 .6 0 27 .2
256 1005 MN9 8 /1 6 / 8 4 0 . 3 5 4 .9 9 .9 0 2.20 20.5
257 1005 MN10 8 /1 6 / 8 4 • 2 9 .9 8 .8 0 2 .4 0 30 .5
258 1005 MN11 8 /1 6 / 8 4 • 30 .7 7 .4 0 2 .3 0 51 .4
259 1005 MN12 8 /1 6 / 8 4 1 .9 3 0 . 9 5 .0 0 0 .95 23 .9
260 1005 MN13 8 /1 6 / 8 4 4 . 6 1 4 .3 1 .79 0 .1 4 33.1
261 1005 MN14 8 /1 6 / 8 4 3 .7 18.1 2 .6 0 0 .32 5 1 .4
262 1005 MN15 8 /1 6 / 8 4 3 . 3 14 .4 1 .79 0 .2 3 43 .1





















































20.35 4 7 . 2
42 .7 2 16 .8
35 .73 68.8
16 .26 115 .2
16.07 115 .2
8 .5 0 5 7 .6
8 .00 68.8
9 .7 2 137 .6
36 .02 28 .8
11 .50 4 9 . 6
10 .90 122 .4
8 .0 3 3 2 .8
10.94 88.0
8 .00 3 1 .5
9 .8 0 13 .0
7 .8 0 36 .0
8 .3 0 4 3 . 0
13.00 4 3 . 2
10 .80 32 .0
7 .95 4 6 . 8
12.35 30 .0
8 .4 0 4 6 . 4
12.55 8 2 .8
13 .55 9 5 .4
10 .80 3 4 .4
8 .8 0 50 .6
4 . 8 0 19 .8
3 1 .6 3 1 7 2 .8
4 . 5 0 31 .5
5 .9 0 38 .7
4 .7 5 29 .7
4 . 8 0 37 .8
6 .1 5 25 .2
9 .15 7 7 .4
10.25 61 .2
3 .45 17 .6
9 .55 65 .7
4 . 9 0 26.1
8 .3 0 59 .4
10.85 60 .3
7 .1 5 4 2 .3
10.00 4 5 . 9
5 . 3 0 55 .8
6 .8 5 58 .5
5 . 1 0 2 3 .0
7 .0 0 5 5 .8
8 . 1 5 6 8 .4
5 .8 0 3 6 .0
4 . 3 0 2 8 .8
6 .0 5 3 9 .6
PHEO_A DO
11.44 2.1
2 .3 6 •
6 . 4 3 4 .1
9 .72 3 . 2
22 .6 0 4 . 2
17.73 5 . 0
16 .08 3 .1
6 .4 3 6.1
14.11 0 .0
28 .10 1.7
71 .58 0 .8
14.94 5 . 5
4 5 .2 0 5 . 0
12.59 5 . 0
5 .7 0 1 .9
15.30 2 .7
10 .90 2 .7
20 .90 2.2
13 .20 2 .6
19.70 2 .8
15 .40 3 .2
24 .50 2 .5
2 3 .8 0 2.2
36 .10 4 . 5
11 .90 7 .3
27 .80 6 .6
13 .10 9 . 0
48 .5 0 2 .2
16 .20 2 . 5
17 .00 5 . 4
10 .60 5 .5
15.10 3 .7
10.10 5 . 6
26 .80 6 .2
21 .4 0 8 . 4
6 .5 0 3 .9
23 .70 7 .9
12.00 7 .4
21.20 7 .6
19 .50 7 . 4
17 .40 7 .7
14 .20 8.1
13 .50 3 . 4
12.00 9 . 2
12 .60 2.2
20 .80 2 .5
18 .60 6 . 9
14.90 3 .8
12 .30 3 .7
11.70 3 .8
TEMP COND





2 8 .0 1400 .0
2 9 . 0 1.1
31 .3 0 . 3
2 9 .4 0 .6
29 .8 0 . 4
2 6 .5 800 .0
26 .0 750 .0
2 6 . 0 700 .0
29 .0 700 .0
2 8 .0 4 7 0 .0
29 .0 500 .0
2 8 .0 7 0 0 .0
28 .0 710 .0
2 9 .0 7 5 0 .0
30 .0 3 7 5 .0
3 2 .0 3 0 0 .0
31 .0 165.0
3 0 .0 145 .0
3 1 .0 125 .0
3 2 .0 120.0
33 .5 130 .0
3 3 . 0 •
31 .0 2 4 5 .0
3 3 .0 65 0 .0
33 .0 80 0 .0
2 6 . 0 36 0 .0
26 .5 4 2 0 .0
2 7 .0 4 1 0 . 0
2 7 .0 3000 .0
2 7 .0 6 0 0 .0
30 .0 6385 .0
31.1 7669 .0
3 2 .0 4 7 4 .0
3 1 .4 10000.0
31 .3 20730 .0
3 0 .2 4 3 1 2 .0
2 9 .6 7421 .0
3 0 .4 8191 .0
31 .5 12750.0
2 9 .5 11350.0
3 0 .9 17000.0
2 9 .7 2 34 1 .0
2 9 .3 3 51 8 .0
2 8 .0 6 00 0 .0
3 1 .2 2101.0
3 1 .0 6 7 4 .0
3 1 .3 2821 .0
94
OBS BOD20S CHLA PHE0_A DO TEMP COND FLOW
51 19,20 21 6 .0 78 .60 4 . 5 3 1 .0 190 •
52 18 .75 128 .0 4 6 .6 0 4 . 7 3 5 .0 1420 •
53 16 .08 77 .4 4 8 .4 0 1 .7 3 1 .0 1700 •
54 12 .15 66.0 4 3 .5 0 • 3 4 .0 215 0
55 16 .78 106.2 4 4 .5 0 7 .1 3 5 .0 550 0
56 12 .50 112 .5 3 0 .8 0 2 .7 3 4 .0 120 0
57 2 .7 5 14 .8 7 .70 4 . 0 2 5 .0 • 1.10
58 2 8 .5 0 • 71 .00 5 . 6 2 9 .5 780 0.00
59 4 . 7 5 • 18 .10 2 .0 3 2 .5 513 0.00
60 4 . 8 0 • 2 4 .30 2 .6 3 2 .8 542 0.00
61 2 .9 0 • 15 .50 4 . 4 3 3 .5 843 0 .00
62 4 . 3 5 • 1 7 .90 5 . 9 3 3 .9 237 0
63 3 .9 0 • 18 .80 4 . 5 3 3 .0 3714 0 .00
64 6 .6 0 • 8 3 .4 0 3 . 0 2 9 .0 0
65 20.20 • 75 .90 6 . 4 3 1 .5 • 0
66 2 4 .00 • 105 .80 7 .2 3 3 .5 • 0
67 22 .30 • 171 .00 0 . 3 2 9 .5 • 0
68 11 .35 • 3 2 .6 0 0 .0 3 0 .5 0 0
69 7 .40 • 3 4 .1 0 2 .8 3 2 .5 • 0
70 24 .25 • 7 5 .53 20.0 38 .0 610 0.10
71 6 .4 5 • 31 .50 4 . 6 3 2 .5 320 0 .0 3
72 6 .0 5 • 2 3 .1 4 1.2 3 2 .7 281 0
73 7 .20 • 2 1 .1 8 1 .3 3 2 .5 303 0
74 7 .0 0 • 35 .27 2.1 3 3 .0 222 0
75 14 .25 150.4 49 .11 5 .7 28 .7 4001 0
76 14 .80 4 9 . 6 15 .20 1 .9 2 9 .3 5250 0
77 11 .40 7 2 .0 17 .90 2 .5 3 0 .8 5538 0
78 5 .5 0 3 2 .8 14 .90 5 . 2 2 9 .3 7250 0
79 4 . 6 0 26.1 12.00 6 .8 2 9 .9 9040 0
80 4 .2 5 17 .6 8 . 4 0 8 . 7 3 0 .8 10520 0
81 22 .40 18 .4 14 .90 4 . 3 3 4 .0 420 0 .00
82 38 .95 2 5 .2 3 1 .7 0 1 .5 3 3 .0 440 0 .00
83 46 .4 0 123 .2 68 .50 0 . 9 2 6 .0 1220 0 .00
84 11 .40 37 .6 34 .70 3 . 4 3 1 .2 219 4 . 0 0
85 9 .25 2 9 .6 21.00 4 . 0 3 0 .3 871 0 .4 0
86 4 8 .0 0 3 2 .8 2 1 .4 0 0 . 7 2 4 .8 8079 5 .5 0
87 22.00 3 8 .0 19 .50 5.1 2 5 .0 6730 4 . 5 0
88 12.00 2 8 .8 16 .10 3 .1 2 5 .2 4311 6 .9 0
89 1 1 . 0 0 4 8 . 0 2 9 .5 0 4 . 6 2 5 .3 7036 0
90 12.00 4 2 . 4 2 0 .7 0 2 . 9 2 5 .6 6960 0
91 1 .90 • 2 2 .50 2 .5 2 7 .5 170 0
92 2 .5 0 • 2 0 .3 0 6 .2 2 8 .0 170 0
93 3 .3 0 • 21 .70 5 . 0 2 8 .0 110 0
94 2.20 • 2 4 .2 0 7 .2 2 8 .0 170 0
95 4 . 4 0 • 16 .20 3 .2 2 8 .0 430 0
96 2 .7 0 • 2 3 .8 0 6 .6 29 .0 350 0
97 3 .3 0 • 33 .60 2 .6 2 9 .5 311 0
98 3 .0 0 • 29 .30 6.1 29 .5 301 0
99 3 .2 0 • 2 5 .00 4 . 4 28 .7 229 0
100 2 .7 0 • 17 .00 3 .2 2 9 .5 173 0
95
OBS BOD20S CHLA PHEO_A DO TEMP COND FLOW
101 3 . 6 • 8 . 9 3 .7 2 9 .5 172 •
102 2 . 9 • 2 7 .9 4 . 5 2 9 .2 183 •
103 2 .6 • 12 .9 4 . 2 2 9 .5 184 •
104 1.2 • 10 .9 2 . 9 2 6 .6 264 •
105 1 .8 • 15.1 2 . 9 29 .1 274 •
106 1.6 • 17 .8 3 . 4 3 0 .0 273 •
107 2 .8 • 18.1 4 . 3 31 .1 269 •
108 2 .7 • 14 .2 4 . 8 3 0 .2 257 •
109 2 .2 • 10 .3 4 . 9 2 9 .8 280 •
110 2 . 3 • 10.1 5 . 6 3 0 .9 1114 •
111 4 .1 • 8 .6 4 . 9 3 0 .5 41500 •
112 4 . 3 • 6 . 5 4 . 7 3 0 .4 43390 •
113 1 3 .5 • 2 4 .6 4 .1 2 8 . 0 325 •
114 5 . 6 • 20.1 5 . 0 2 8 .4 237 •
115 4 . 2 • 12.0 1 .3 3 0 . 0 375 •
116 3 . 8 • 1 3 .0 1 .4 2 8 .9 297 •
117 4 . 5 • 21.0 2 .6 30.1 1702 •
118 4 . 8 • 19 .0 2 . 4 2 9 .8 1170 •
119 3 . 3 • 13 .6 3 .1 2 9 .7 1989 •
120 4 . 8 • 15 .3 4 . 0 2 9 .0 1604 •
121 1 6 .6 • 3 1 .0 0 . 7 • • •
122 2 . 3 • 7 . 8 4 . 3 2 7 .8 183 •
123 7 6 .2 • 14 .5 7 . 0 2 4 .5 1000 •
124 4 6 . 5 • 150 .8 1 4 .8 21.0 540 •
125 5 0 .5 • 222 .3 18.2 21.0 910 •
126 2 9 .6 • 4 9 . 2 7 . 9 2 4 .0 920 •
127 2 7 . 5 • 7 8 .8 5 .5 2 1 .5 900 •
128 4 .1 • 11.1 5 . 9 2 4 .4 18j •
129 4 .1 • 14 .5 5 .5 24 .3 250 •
130 5 . 4 • 1 7 .8 2 . 3 2 3 .5 240 •
131 6 . 4 • 3 2 .7 4 . 0 2 4 .4 268 •
132 6 . 4 • 16 .5 3 . 3 2 3 .9 256 •
133 5 .2 • 10.8 3 . 6 2 4 .2 294 •
134 4 . 8 • 1 3 .2 2 . 4 2 2 .9 195 •
135 2 8 . 5 • 10.2 0 .0 2 4 .5 440 •
136 4 8 0 .0 • 12.6 0 .0 2 5 .0 600 •
137 25 0 .5 • 2 8 .0 0.1 2 4 .5 405 •
138 4 9 .5 • 2 7 .8 2 . 9 2 5 .0 420 •
139 6 . 7 • 3 7 .0 4 .1 2 3 .6 320 •
140 3 . 6 • 17 .9 3 . 7 2 7 .8 102 •
141 3 . 3 • 11 .4 4 . 7 2 7 .8 51 •
142 2 . 9 • 10.0 5 .1 28 .7 82 •
143 4 . 7 • 8 . 4 5 . 4 2 7 .9 77 •
144 3 . 0 • 10 .7 5 . 6 2 8 .0 84 •
145 3.1 • 9 . 7 4 . 4 2 3 .0 240 8.1
146 16 .2 • 3 9 . 3 2.1 25 .5 250 0 .0
147 • • 1 6 .6 • • • 0 .0
148 11 .7 • 2 3 . 9 2 .0 19.5 680 0.1
149 7 . 4 • 5 .2 7 . 8 2 4 .0 760 0 .6




























































7 .5  
6 . 2




































1 6 .3  
10 .7
8.6
6 . 9  
3 . 6
7 . 0
CHLA PHEO_A DO TEMP COND
18.00 3 . 2 26 .5 300
35 .00 4 . 6 2 7 .0 2270
12 .70 2 . 9 2 6 .3 1130
12.40 8 . 4 2 6 .8 450
13 .80 8 .2 27 .7 445
16.80 5 . 9 2 6 .6 530
20 .30 2 .7 2 7 .0 620
2 5 .10 2 . 9 2 7 . 3 626
20 .70 5 . 2 2 6 .9 1726
76 .50 5 . 0 2 6 .9 1606
11.10 7 . 3 27.1 470
14.70 7 . 0 2 6 .5 580
9 .2 0 0 . 9 2 8 .3 241
10.10 0 . 7 2 8 .8 212
8 . 4 0 0 . 5 2 8 .2 236
4 1 .00 5 . 8 3 0 .7 318
20.10 2 . 5 2 5 .6 316
18 .20 2.1 3 0 .0 371
20 .70 6 . 4 3 1 .3 196
18 .90 7 .1 3 2 .6 76
21 .30 4 . 8 3 1 .6 152
2 6 .70 6 .6 3 2 . 2 181
5 .70 8 . 4 2 9 .7 546
6 .80 7 . 5 3 2 .9 533
17 .70 7 . 6 34 .1 1270
48 .50 2.1 3 0 .0 500
2 8 .70 0 .2 30.1 390
21 .90 0 .0 30 .2 •
2 8 .10 1.1 2 9 . 0 422
30 .50 0 .8 29 .1 431
2 9 .00 3 . 4 30 .1 478
3 1 .0 0 1.2 30 .1 494
5 4 .40 1 4 .5 34 .7 516
2 1 .70 5 .2 3 1 . 8 524
29 .60 10 .7 3 4 .3 278
11.40 12 .8 3 3 .5 175
18 .70 6 . 3 3 0 .6 482
4 8 .4 0 3 . 2 2 9 .3 341
4 3 .7 0 1 .7 2 9 . 0 392
6 .14 6 .6 2 7 .6 7859
6 .8 0 7 . 0 2 7 .7 7944
6.20 6 . 3 2 7 .5 8693
8 .4 0 6 . 9 2 7 .6 7254
7 .50 6 . 9 2 7 .6 7258
9 .4 0 3.1 2 6 .2 140
9 .60 1 .4 2 6 . 4 125
11.20 0.1 2 5 .4 989
12 .30 2 .0 2 6 .4 4097
8 .5 0 6 .6 2 7 . 8 7001




























































6 .7  
5 .2



















15 .3  
1 1 . 0
8.8
7 .9  
8 . 0
7 .0
9 . 3  
3 8 .6
1 2 . 2











4 . 6  
5 .5
6 . 9  
10.1
1 3 .3
CHLA PHEO_A DO TEMP COND
11.6 2 .2 30 .1 70
17.1 8 . 5 3 3 .0 59
11 .5 8 .8 33 .5 58
11 .5 8 . 7 3 3 .0 57
14 .9 2 .8 3 0 .6 272
21.6 4 . 3 3 1 . 8 177
21.8 4 .1 31 .9 59
11.6 7 .7 31 .7 60
18 .4 8 . 9 3 3 .6 70
16 .5 8 . 3 3 3 .2 60
13 .2 8 . 4 33 .7 70
16 .9 8 . 5 3 4 .2 70
23 .6 8 . 7 3 3 .3 90
7 .5 6 .6 3 1 .6 80
14.1 5.1 3 1 .6 150
20.0 7 .3 3 3 .0 440
12.8 3 . 9 29.1 89
31 .1 4 . 8 2 7 .0 •
59 .4 • • •
11.2 • • •
51 .2 7 . 4 3 0 .4 300
2 7 .8 9 . 6 30 .2 •
21.0 3 . 5 2 9 . 4 •
15 .2 6 .2 2 9 .5 •
4 7 .7 4 . 3 2 8 .9 •
4 2 . 5 9 . 6 3 1 .3 •
13 .4 2 .7 2 8 .9 1293
1 1 .5 3 . 0 3 0 .6 860
21.6 3 . 5 3 1 .0 1150
3 2 .2 3 . 0 3 0 .2 1170
4 1 . 8 7 . 0 3 0 .3 670
4 0 . 8 • • •
8 . 4 • • •
3 0 .2 • • •
3 7 .4 • • «
4 0 .1 • • 0
13 .2 4 . 9 2 9 .2 694
15 .8 4 . 8 2 9 .5 888
13 .4 6 . 9 29.1 976
14.1 5 . 6 2 9 .4 944
15 .0 4 . 2 2 8 .5 617
1 6 .6 4 . 4 2 9 .6 630
14 .9 3 . 5 2 8 . 8 683
9 .1 6.1 2 9 .7 682
13 .9 2 .8 2 9 . 8 930
10.8 8 .2 3 0 .0 647
14 .9 4 . 6 3 0 .2 718
12.0 8 . 5 30 .7 640
7.1 7 .5 3 1 .0 87





OBS BOD20S CHLA PHEO_A DO TEMP COND FLOW
251 66 .9 • 32 .7 1 .7 27 .2 344 3 .3
252 9 . 0 • 3 1 . 8 6 .6 27 .6 156 3 .2
253 5 . 8 • 20 .4 6 . 7 32 .4 140 2 .5
254 10 .3 • 2 9 .0 8 .8 29 .5 50 2.2
255 2 8 .8 • 16 .2 2 .0 29.1 266 6.1
256 2 5 .8 • 1 3 .0 0 .8 29 .8 264 6.1
257 2 4 .3 • 20.0 0 .6 30.1 250 6.0
258 19 .5 • 2 9 .5 2.1 30.1 233 8 .5
259 14 .8 • 4 4 . 0 3 .1 28 .8 175 •
260 9 . 0 • 1 5 .8 8 .2 2 9 .0 189 14.3
261 9 . 8 • 3 5 .4 8 .2 28 .5 173 54 .2
262 8 . 5 • 3 3 .8 8 . 7 28 .5 168 •
263 10.8 • 4 3 . 3 9 . 6 29 .7 165 •
APPENDIX B
STORET DATA LISTING
T h i s  a p p e n d i x  c o n t a i n s  a l i s t i n g  o f  STORET d a t a  t h a t  was  u s e d  i n
t h e  n u t r i e n t  c r i t e r i a  m o d e l  d e v e l o p m e n t .  O n ly  t h o s e  r e c o r d s  t h a t
i n c l u d e d  c o r r e c t e d  c h l o r o p h y l l  a i n  e x c e s s  o f  10.0 u g /1  a r e  i n c l u d e d  i n
t h i s  l i s t i n g .  E ach  r e c o r d  h a s  a u n i q u e  o b s e r v a t i o n  n u m b e r  t h a t  may be
u s e d  t o  r e f e r e n c e  t h e  v a r i o u s  p a r a m e t e r  l i s t i n g s .
The f o l l o w i n g  a b b r e v i a t i o n s  a r e  u s e d :
DATE Date  o f  sample  (Year Month Day)
B0D5 5 day  BOD (mg/1)
BOD20 20 day BOD (mg/1)
CHLA C h l o r o p h y l l  a ( u g / 1 )
U_CHLA U n c o r r e c t e d  c h l o r o p h y l l  a ( u g / 1 )
C_CHLA_F C o r r e c t e d  f l u o r i m e t r i c  C h lo r o p h y l l  a ( u g / 1 )













T o t a l  K j e l d a h l  n i t r o g e n  (mg/1) 
D i s s o l v e d  K j e l d a h l  n i t r o g e n  (mg/1)  
T o t a l  o r g a n i c  K j e l d a h l  n i t r o g e n  (mg/1) 
O rg an ic  n i t r o g e n  (mg/1)
T o t a l  n i t r i t e s  & n i t r a t e s  (mg/1)  
D i s s o l v e d  n i t r i t e s  & n i t r a t e s  (mg/1)  
T o t a l  ammonia (mg/1)
D i s s o l v e d  ammonia (mg/1)
T o t a l  phosphorus  (mg/1) 
O r th o -p h o s p h o ru s  (mg/1 )
T o t a l  o r th o - p h o s p h o r u s  (mg/1) 
D i s s o l v e d  o r t h o - p h o s p h o r u s  (mg/1)
D0_PR0BE D i s s o l v e d  oxygen by e l e c t r o n i c  p robe  (mg/1) 
DO D i s s o l v e d  oxygen (mg/1)
TEMP T em pera tu re  i n  d e g r e e s  C
A p e r i o d  i n  p l a c e  o f  any n u m e r i c a l  v a l u e  i n d i c a t e s  m i s s i n g  d a t a .
99
100
The ST_CODE p a r a m e t e r  d e s i g n a t e s  t h e  s t a t e  w h e r e  t h e  d a t a  was  
c o l l e c t e d .  The f o l l o w i n g  t a b l e  p r e s e n t s  t h e  s t a t e  codes  f o r  t h e  s t a t e s  
r e p r e s e n t e d  i n  t h e  d a t a .
S t a t e  Code Number
Alabama 01
A rkansas 05
C a l i f o r n i a 06
Delaware 10
F l o r i d a 12
G e o rg ia 13
Id ah o 16
I l l i n o i s 17





M a s s a c h u s e t t s 25
M ich igan 26
M in n eso ta 27
M is s o u r i 29
Nebraska 31
Nevada 32
New J e r s e y 34
New York 36
N or th  C a r o l i n a 37




P e n n s y l v a n i a 42
South  C a r o l i n a 45
South  Dakota 46
T en n e ss ee 47
Texas 48
Vermont 50
V i r g i n i a 51
Washington 53
West V i r g i n i a 54
W iscons in 55
OBS STATION DATE ST_CODE BOD20 TKN TP C_CHLA_S C_CHl,A
1 JACKS0N4 730918 51 14.00 0 .86 0 .2 0 8 10.2
2 MNBE-00-BB15E67 810513 27 5 .7 0 1 .79 0 .277 3 9 .3
3 MNMN*- 25 -v- -05E60 810511 27 6.00 1 .90 0 .3 8 2 2 9 . 9
4 MNMN-39-BB15E55 810511 27 5 . 6 0 1 .92 0 .342 3 7 . 4
5 MNMN-70-BBl5E55 810512 27 7 .2 0 1 .90 0 .3 4 2 5 7 .7
6 MNMN-91-BB15E71 810513 27 8 . 6 0 1 .92 0 .306 4 2 . 7
7 MN100 810512 27 6 .8 0 2 .0 7 0 .3 2 0 5 1 . 3
8 MN101 810511 27 5 . 8 0 1 .80 0 .3 5 0 4 3 . 8
9 MN102 810614 27 16 .00 6 .53 3 .059 6 0 . 9
10 MN107 810519 27 13 .00 1 .64 0 .167 3 7 .9
11 MN108 810519 27 8 .3 0 1 .30 0 .1 0 4 22.1
12 MN111 810518 27 13 .00 1 .44 0 .173 4 7 .1
13 MN112 810514 27 14 .00 1.52 0 .227 3 5 .2
14 MN115 810513 27 13 .00 1 .58 0 .247 6 3 .6
15 MN118 810512 27 7 .4 0 2 .00 0 .3 4 6 5 0 .2
16 MN119 810612 27 12.00 2 . 7 4 2 .339 22.0
17 MN119 810613 27 7 .50 2 .79 3 .079 4 4 . 2
18 MN119 810614 27 13 .00 9 . 3 0 3 .789 5 4 .5
19 MN121 810511 27 4 . 9 0 1 .69 0 .269 1 0 .9
20 MN121 810614 27 9 . 1 0 2 .9 8 0 .911 3 5 .2
21 MN122 810614 27 10.00 3 .84 0 .9 6 8 2 5 .6
22 M04W24 820929 39 4 . 4 0 0 . 7 0 0 .7 4 0 • 91 6
23 M05P12 820930 39 3 .9 0 0 .5 0 « • 114 5
24 MO5WO1 820930 39 4 . 3 0 0 . 6 0 0 .5 9 0 • 72 2
25 M05W02 820930 39 3 .9 0 0 .9 0 0 .6 0 0 • 129 0
26 N-S002S02 790727 36 8 .00 3 .8 2 • 18.1
27 N-S002S02 790822 36 8 .00 1 .92 • 5 2 .8
28 N-S002S04 790724 36 4 . 0 0 5 .8 9 • 2 8 .2
29 N-S002S07 790724 36 6.00 0 .9 3 • 2 5 .5
30 N-S002S07 790822 36 7 .0 0 1 .93 • 3 8 .8
31 N-S002S10 790724 36 3 .0 0 0 .85 • 2 9 .5
32 N-S002S17 790723 36 6 .00 1 .16 • 1 7 .6
33 T01A56 830815 39 3 .4 0 0 .3 0 0.100 • 16 0
34 T01P01 820825 39 4 . 3 0 1 .9 4 0 • 18 0
35 T01W44 820803 39 11 .89 2.10 0 • 27 3
36 T01W93 820825 39 4 . 7 0 1 .28 • ■ 27 4
37 T01W93 820827 39 10 .19 1.00 1 .429 • 36 5
38 T01W95 820825 39 3 . 5 0 1 .56 . • 15 4
39 U05W02 830823 39 6 .4 0 1.20 0 .4 2 0 • 13 8
40 U05W06 830824 39 4 4 .0 0 3 .6 0 1 .750 • 16 4
41 U05W09 830824 39 116.00 11.00 3 .2 5 0 • 62 9
42 U05W11 830824 39 3 .8 0 0 . 3 0 • • 16 0
43 U05W12 830824 39 2 3 .0 0 7 .70 • • 34 0
44 U05W13 830822 39 60 .00 6 .8 0 3 .139 • 26 9
45 V04P02 830809 39 4 . 2 0 0 . 8 0 0 .0 5 0 • 21 6
46 WAPORA 10 830830 • 5 .3 0 1 .64 1 .299 3 9 .8
47 WAPORA 12 830830 • 7 .1 0 1.91 0 .3 3 0 2 1 .6
48 WAPORA 4 830831 • 3 .0 0 1.12 0 .1 5 0 11 .3
49 WAPORA 5 830831 • 5 .8 0 1 .64 0 .9 5 0 1 8 .0





















































STATION DATE ST_CODE BOD20 TKN TP C_CHLA_S
006599 830621 29 3 .8 0 0 .47 0.081 12.0
006599 830622 29 3 .3 0 0 .41 0 .0 8 3 15 .8
006599 830623 29 2 .7 0 0 .3 8 0 .058 20.0
006602 830622 29 3 .1 0 0 .6 7 0 .0 8 0 1 3 .4
1C 760714 • 1 .60 0 .4 6 0 .1 3 0 21.0
1C 760723 • 2 .8 0 0 . 3 6 0 .0 8 0 12.0
1L 750801 10 0 .6 0 0 .6 0 0 .1 3 0 16 .0
IOC 760714 • 4 . 4 0 0 . 8 4 0.200 2 7 .0
IOC 760723 • 7 .00 0 .7 0 0 .160 19 .5
10L 760712 42 7 .1 0 1 .39 0.120 2 4 .0
10L 760714 42 4 . 4 0 0 .8 4 0.200 16 .5
10L 760721 42 3 .0 0 0 .8 7 0 .1 5 0 2 5 .5
10L 760723 42 2 .4 0 0 .4 0 0 .1 3 0 19 .5
10R 750804 42 10.23 0 . 5 5 0 .411 2 0 .5
10R 750808 42 6 .00 1.00 0 .2 1 3 3 1 .0
10R 760712 42 6 .20 0 .7 5 0 .1 4 0 16.5
10R 760714 42 6.00 0 .5 0 0 .160 13 .5
10R 760716 42 5 . 1 0 2 .5 0 0 .1 9 0 16 .5
10R 760719 42 6 .20 0 .6 5 0 .1 5 0 2 8 .5
10R 760721 42 6 . 4 0 0 .7 5 0 .1 4 0 3 0 .0
10R 760723 42 6 .4 0 0 .5 5 0 .170 15 .0
l i e 750807 • 11 .39 1.35 0 .2 2 6 5 1 .0
l i e 750814 0 6.00 0 .8 5 0 .1 2 4 12 .5
11L 750807 42 12 .05 1 .25 0.201 4 0 . 5
11R 750804 42 3 .9 0 0 .8 5 0 .5 2 4 3 1 .5
h r 750807 42 7 .6 8 1 .40 0 .1 6 5 2 6 .5
H R 750808 42 6 .2 4 1.05 0 .2 8 8 2 4 .0
12C 750807 • 8 . 9 4 1.20 0 .1 8 6 20 .5
12C 750814 # 8 .82 1.05 0 .1 4 3 15 .5
12C 760714 0 4 . 4 0 1.12 0 .200 2 4 .0
12C 760723 0 6 .8 0 1 .24 0 .2 4 0 2 8 .5
12L 750807 42 10.51 1 .30 0 .2 4 3 2 5 .0
12L 750814 42 12 .05 1.10 0 .131 1 8 .5
12R 750804 42 9 . 3 6 0 . 9 0 0 .3 5 0 2 5 .5
12R 750807 42 8 .55 1 .30 0 .173 1 9 .5
12R 750808 42 9 . 3 0 1.20 0 .1 5 6 21.0
12R 750814 42 5 .94 0 .7 5 0.120 13 .5
13C 750807 0 8 . 6 4 1 .35 0 .1 8 8 2 4 .0
13C 750814 0 8 .7 0 0 . 9 0 0 .1 4 4 1 8 .5
13L 750814 42 10 .43 1.25 0 .1 9 3 1 3 .0
13R 750804 42 9 .66 1.00 0 .4 8 9 2 2 .5
13R 750808 42 9 .1 2 1.25 0.202 10 .5
13R 750814 42 6 .4 8 0 .87 0 .1 2 3 1 7 .5
14C 750814 • 9 . 2 4 0 . 8 0 0 .1 5 2 2 3 . 0
14C 760714 • 5 .7 0 1 .07 0.200 1 6 .5
14C 760723 • 6 . 5 0 0 .9 7 0 .210 3 0 .0
14L 750807 42 9 .12 1 .55 0 .187 1 3 .0
14L 750808 42 6 . 3 0 1 .60 0 .210 2 5 .5
14L 750814 42 9 .96 1.00 0 .205 2 3 . 0






















































STATION DATE ST_CODE BOD20 TKN TP C_CHLA_S
14R 750807 42 9 .84 1 .30 0 .1 7 8 13 .5
14R 750808 42 10.01 1 .30 0 .2 1 8 11 .5
14R 750814 42 9 .1 2 0 .9 0 0 .140 2 6 .0
15C 750807 • 10 .19 1.45 0 .2 6 4 12 .5
15C 750814 • 8 .9 4 1.10 0 .1 7 8 2 4 .5
15L 750807 42 11 .43 1 .50 0 .241 12.0
15L 750814 42 11 .93 1.00 0 .2 3 3 2 3 .5
15R 750804 42 2 .7 0 1.20 0 .4 5 7 1 4 .0
15R 750807 42 9 .54 1 .50 0 .196 11.0
15R 750808 42 8 . 7 0 1.20 0 .2 4 6 10 .5
15R 750814 42 8 .52 1 .05 0 .1 6 4 2 4 .0
16C 750807 • 9 . 0 6 1 .15 0 .2 3 2 10.0
16C 760714 • 5 .0 0 0 .7 8 0 .1 9 0 2 8 .5
16C 760723 • 7 .2 0 1 .04 0 .220 3 6 .0
16L 750814 42 9 .42 1.10 0 .226 2 3 .0
16L 760712 42 6 . 8 0 1.22 0 .1 4 0 2 5 .5
16L 760714 42 5 .50 1 .04 0 .1 8 0 2 1 .7
16L 760716 42 6 .00 1 .40 0 .1 9 0 2 4 .0
16L 760721 42 5 .00 1.21 0 .2 7 0 21 .8
16R 750804 42 4 . 2 0 1.25 0 .4 0 5 12.0
16R 750814 42 9 .18 1.25 0 .205 2 6 .0
16R 760712 42 6 .3 0 0 . 5 0 0 .110 2 5 .5
16R 760714 42 7 .50 0 .3 0 0 .210 18 .0
16R 760719 42 6 .9 0 1.00 0 .2 4 0 13 .5
16R 760721 42 7 .20 1.00 0 .2 4 0 2 2 .5
16R 760723 42 7 .90 0 .8 0 0 .2 7 0 18 .0
17C 750814 • 7 .98 1 .15 0 .257 2 3 .0
17L 750814 42 8 .1 6 1.10 0 .2 2 4 18 .5
17R 750804 42 9 .24 1.20 0 .5 2 0 11 .5
17R 750807 42 7 .7 4 1 .30 0 .1 9 5 10.0
17R 750814 42 8.22 1.05 0 .2 7 6 2 1 .5
18C 750814 • 5 .34 0 . 9 0 0 .200 14 .5
18C 760714 • 5 .00 0 .52 0 .200 8 1 .0
18L 750814 42 11 .63 1 .85 0 .3 4 0 15 .0
18R 750804 42 1 .98 1.05 0 .419 10.0
18R 750814 42 5 .6 4 0 .7 5 0 .1 9 5 16 .0
19R 750804 42 7.92 1.10 0.491 1 9 .0
2R 750804 10 4 . 7 4 0 . 2 5 0 .3 3 2 11 .5
2R 750808 10 5 .88 0 .35 0 .126 12.0
20C 760714 • 5 .30 0 .51 0 .1 8 0 101.5
20C 760723 • 6 .10 0 .65 0 .1 4 0 3 1 .5
20R 750804 42 5 .9 0 1.00 0 . 4 1 8 11.0
22C 760714 • 6.00 1 .06 0 .1 6 0 9 7 .5
22C 760723 • 5 .7 0 0 .5 5 0 .110 2 8 .5
22L 760712 42 7 .20 1.00 0 .1 7 0 6 7 .5
22L 760714 42 5 .9 0 0 .7 9 0 .1 7 0 8 2 .5
22L 760721 42 3 .60 0 .7 6 0.100 2 7 .0
22L 760723 42 3 .5 0 0 .1 5 0 .0 8 0 27 .0
22R 750804 42 4 .3 8 0 .6 5 0 .3 5 6 1 9 .5
22R 760712 42 7 .6 0 0 . 3 0 0 .110 7 8 .0
C_CHLA_F
OBS STATION DATE ST_CODE BOD20 TKN TP C_CHLA_S C_CHLA
151 22R 760714 42 9 .80 0.88 0 .300 8 5 .5 •
152 22R 760716 42 5 .1 0 0 .3 5 0.120 6 9 .0 •
153 22R 760719 42 5 .40 0 .4 0 0.120 21 .0 •
154 22R 760721 42 5 .2 0 0 . 6 0 0 .100 2 7 .0 •
155 22R 760723 42 4 . 7 0 0 .3 0 0.110 21 .0 •
156 24C 760714 • 6 . 8 0 0 . 6 4 0 .1 3 0 4 8 . 0 •
157 24C 760723 • 6 .40 0 .5 0 0.120 8 2 .5 •
158 26C 760714 • 5 .8 0 0 .66 0 .100 3 3 .0 •
159 26C 760723 • 6 .70 0 .6 4 0 .1 3 0 54 .0 •
160 28C 760714 • 5 .8 0 0 .7 5 0.110 2 8 .5 •
161 3C 760714 25 2 .5 0 0 .6 0 0 .160 22 .5 •
162 3C 760723 25 2 .50 0 .3 7 0 .0 7 0 10 .5 •
163 3R 750808 10 5 .34 0 .4 0 0 .118 15 .0 •
164 30C 760714 • 4 . 3 0 0 .5 7 0 .110 2 1 .7 •
165 30C 760723 • 7 .00 0 .8 9 0.120 11 .3 •
166 32C 760714 • 4 . 2 0 0 .5 5 0 .0 9 0 16 .5 •
167 32C 760723 • 4 .7 0 0 .3 6 0 .070 21.0 •
168 332079 760714 34 6.20 0 . 5 4 0 .0 9 0 2 8 .5 •
169 4R 750808 10 4 .6 2 0 .4 0 0 .294 11.0 •
170 5C 760714 25 2.00 0 .6 2 0 .1 6 0 2 4 .0 •
171 5C 760723 25 2 .60 0 .3 9 0.100 13 .5 •
172 5L 760712 10 3 .50 0 . 9 0 0 .1 9 0 22 .5 •
173 5L 760714 10 3 .6 0 0 .9 3 0 .2 8 0 18 .0 •
174 5L 760721 10 2 .5 0 1.14 0 .170 19 .5 •
175 5R 750804 10 5 .58 0 .5 0 0.237 20.0 •
176 5R 750808 10 6 .9 0 0 .9 0 0.391 15 .0 •
177 5R 760712 10 5 .30 1.10 • 3 3 .0 •
178 5R 760714 10 4 . 4 0 1.25 0 .1 6 0 4 0 . 5 •
179 5R 760716 10 3 .1 0 0 .9 0 0 .240 3 4 .5 •
180 5R 760719 10 2 .90 0 . 5 0 0 .1 4 0 15 .0 •
181 5R 760721 10 3 .1 0 1.00 0.110 16 .5 •
182 501640 820803 39 9 .7 0 1.10 • « 3 0 .5
183 501640 820804 39 11 .09 1.20 • • 2 5 .7
184 501940 830815 39 4 . 2 0 0 . 4 0 0 .0 5 0 • 15 .6
185 6R 750804 10 6 .1 8 0 .8 0 0 .336 18 .0 •
186 6R 750808 10 5 .5 8 0 .2 5 0 .2 7 6 16 .0 •
187 7C 760714 25 3 .3 0 0 .6 9 0 .1 9 0 13 .5 •
188 7C 760723 25 2 .6 0 1 .07 0 .1 4 0 12.0 •
189 7L 760712 10 3 .50 1 .25 0 .090 12.0 •
190 7L 760714 10 3 .00 0 . 9 4 0 .1 8 0 16 .5 •
191 7L 760721 10 2.10 0 .82 0 .160 1 5 .0 •
192 7L 760723 10 2.10 0 .1 0 0 .1 3 0 12.0 •
193 7R 750804 10 3 .66 0 . 8 0 0 .284 18 .5 •
194 7R 750808 10 3 .72 0 . 5 0 0 .197 14 .0 •
195 7R 760712 10 4 .0 0 0 .3 8 0 .090 10 .5 •
196 7R 760714 10 5 .5 0 1 .40 0 .1 9 0 10 .5 •
197 7R 760716 10 4 . 6 0 0 .95 0 .1 9 0 21 .0 •
198 7R 760719 10 4 . 3 0 0 .5 5 0 .1 4 0 16 .5 •
199 7R 760721 10 4 . 1 0 0 .6 0 0 .130 1 8 .0 •
200 7R 760723 10 4 . 8 0 0 .2 0 0 .1 4 0 18 .0 •
105
OBS STATION DATE ST_CODE BOD20 TKN TP C_CHLA_S
201 8R 750804 34 3 . 6 6 0 .7 0 0 .238 1 9 .0
202 8R 750808 34 7 .07 0 .5 5 0 .311 11.0
203 9C 760714 25 3 .8 0 0.86 0 .140 1 3 .5
204 9C 760723 25 3 . 2 0 0 . 6 3 0.120 12.0
205 9R 750804 42 7 .4 4 0 . 8 0 0 .3 2 2 1 7 .0




OBS BOD 5 ORGJN DKN TN02N03 DN02N03 TNH3NH4
1 7 .5 0 .0 5 0 • • • 0 .8 1 0
2 2 .8 1.639 • 14 .000 • 0 .1 5 0
3 2 .7 1 .729 • 13 .000 • 0 .1 7 0
4 2 . 4 1.779 • 13 .000 • 0 . 1 4 0
5 3 .1 1 .709 • 12.000 • 0 .1 9 0
6 3 . 0 1.719 • 11.000 • 0 .200
7 2 . 7 1 .909 • 12.000 • 0 .1 6 0
8 2 .6 1.719 « 13 .000 • 0 .0 8 0
9 6 .6 5 .909 • 17 .000 • 0 .6 2 0
10 5 . 2 1.439 • 0 .0 4 0 • 0 .200
11 3 .2 1 .159 • 0 .040 • 0 .1 4 0
12 5 . 0 1.289 • 0 .010 • 0 .1 5 0
13 5 . 5 1 .299 • 0.020 • 0 .220
14 4 . 8 1 .399 • 0 .0 3 0 • 0 .1 8 0
15 3 . 0 1.809 • 12.000 • 0 .1 9 0
16 2 .6 1.809 • 0 .0 3 0 • 0 .9 3 0
17 6 .0 2 .049 • 0 .8 1 0 • 0 .7 4 0
18 5.1 8 .7 8 9 • 6 .599 • 0 .5 1 0
19 2 .2 1.449 • 0 .730 • 0 .2 4 0
20 4 . 8 2 .689 • 7 .500 • 0 .2 9 0
21 3 . 6 3 .5 0 0 • 12.000 • 0 .3 4 0
22 1 .8 • • • • 0 .100
23 1 .9 • • • • 0 .0 5 0
24 2 .0 • • • • 0 .0 5 0
25 1 .9 • • • • 0 .1 5 0
26 8 .0 • 2 .9 8 • • 0 .4 1 0
27 4 . 0 • 1 .83 • • 0 .3 1 0
28 4 . 0 • 4 . 3 8 • • 5 .5 0 0
29 2 .0 • 0 .86 • • 0 . 5 0 0
30 3 . 0 • 1.86 • • 0 .3 9 0
31 2 .0 • 0 .11 • • 0 .6 1 0
32 3 . 0 • 1 .4 4 • • 0 .9 2 0
33 1.2 • • • • 0 .0 7 0
34 1 .9 e • • • 0 .0 8 0
35 4 . 0 • • • • 0 .4 6 0
36 2 .8 • • • • 0 .020
37 3 . 3 • • • • 0 .0 5 0
38 1 .7 • • • • 0 .0 3 0
39 2.1 • • • • 0 .1 5 0
40 11.0 • • • • 1 .599
41 17 .0 • • • • 6 .1 9 9
42 1 .2 • • • • 0 .0 5 0
43 6 . 3 • • • • 4 .9 2 9
44 1 3 .0 • • • • 4 . 0 5 9
45 1 .8 • • • • 0 .0 5 0
46 • • • • • 0 .5 6 0
47 • • • • • 0 .0 9 0
48 • • • • • 0 .110
49 • • • • • 0 . 5 8 0






















































BOD5 ORG N DKN TN02N03 DN02N03 TNH3NH4
1 .70 U U7 u .u y u
1 .70 0 15 0 .0 7 0
2.20 0 13 0 .0 4 0
1 .40 0 10 0.110
• • • 0 .0 6 0
1.20 • 0 .1 7 0
0 .6 0 • 0 .3 0 0
2 .20 • 0 .3 4 0
2 .6 0 • 0 .1 4 0
3 .2 0 • 0 .3 9 0
3 .1 0 • 0 .2 4 0
1 .90 • 0 .1 7 0
0 . 9 0 • 0 .100
2 .5 8 • 0 .120
1 .98 • 0 .6 4 0
3 .3 0 • 0 .3 2 0
3 .5 0 • 0 .3 8 0
3 .0 0 • 0 .2 8 0
3 .2 0 • 0 .2 8 0
3 .4 0 • 0 .1 8 0
3 .30 • 0 .2 9 0
3 .9 6 • 0 .8 4 0
2 .7 6 • 0 .4 2 0
4 . 2 0 • 0 .9 2 0
2 .0 4 • 0 .4 2 0
3 .3 0 • 0 .7 8 0
2 .0 4 • 0 .8 7 0
2 .4 0  0 . 1 4 • 1 .059
3 .5 4  0 .5 0 • 0 .5 5 0
1.20 • 0 .5 1 0
4 . 0 0 • 0 .4 3 0
3 .62 • 1 .039
4 . 4 4 • 0 .7 0 0
2 .5 2 • 0 .6 6 0
2 .1 6 • 0 .9 1 0
2 .0 4 • 1 .059
2 .7 0 • 0 .5 1 0
1 .74 • 1.000
3 .3 0 • 0 .6 1 0
3 .0 0 • 1.000
3 .1 8 • 0 .7 0 0
1 .98 • 1 .119
2 .5 0 • 0 .6 0 0
3 . 2 0 • 0 .7 1 0
1 .60 • 0 .5 1 0
3 .8 0 • 0 .4 2 0
1 .40 • 1 .079
1 .6 0 • 1 .250
3 .70 • 1 .099
























































1 .7 0  
2 . 8 0
•  •  •
2 .5 0
2 . 5 0
3 .2 0
1 .30  
2 .6 0  
2.00
1 .90
2 .20  
1 .60
3 .0 0
1 .70  .
2 . 5 0






3 .5 0  
2 .6 0
3 .3 0
3 .0 0  
1 .80
1 .4 0  
1 .8 0
2 . 4 0  
1 .60
1 . 20
2 .00  
2 .5 2  
1 . 00  
1 . 10  
1 .80
2 .10  0 . 1 6
2 .4 0  0 .1 8  
1 .80
2 .4 0  
1 .80  
2 .20  
2 . 6 0  
2 .6 0  
3 . 1 0  





0 .9 8 0
1.229  
0 .7 0 0
1.229  
0 .8 6 0  
1 .099  
0 .8 3 0  
0 .9 4 0  
1 .059
1.119 
0 .7 9 0  
0 .9 0 0  
0 .3 4 0  
0 .4 9 0
1.119  
0 .5 2 0  
0 .2 4 0  
0 .3 0 0  
0 .6 1 0  
1.069  
0 .8 6 0  
0 .4 8 0  
0 .4 7 0  
0 .5 6 0  
0 .5 3 0  
0 .5 5 0  
0 .8 6 0  
1 .019  
0 .970  
0 .8 6 0  
0 .6 7 0  
0 .5 4 0  
0 .1 3 0  
1 .479  
0 .8 4 0  
0 .4 8 0  
0 .7 8 0  
0 .0 9 0  
0 .1 7 0  
0 .1 3 0  
0 .2 3 0  
0 .5 8 0  
0 .1 7 0  
0 .1 5 0  
0 .3 0 0  
0 .0 9 0  
0 .0 6 0  
0 .0 5 0  
0 .3 0 0  
0 .1 9 0
DNH3NH4
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OBS BOD5 ORG_N DKN TN02N03 DN02N03 TNH3NH4 DNH3NH4
151 3 .9 0  . . .  . 0 .1 3
152 2 . 4 0  . . .  . 0 .0 7
153 2 . 0 0  . . .  . 0 .07
154 2 . 4 0  . . .  . 0 .0 3
155 2 .0 0  . . .  . 0 .0 9
156 2 . 4 0  . . .  . 0 .3 0
157 2 .4 0  . . .  . 0 .1 3
158 1 .80  . . .  . 0 .3 2
159 2 .7 0  . . .  . 0 .3 0
160 1 .8 0  . . .  . 0 .3 3
161 0 . 4 0  . . .  . 0 .0 6
162 1 .10  . . .  . 0 .0 9
163 2 .0 0  . . .  . 0 .1 6
164 1 .40  . . .  . 0 .1 8
165 1 .8 0  . . .  . 0 . 6 4
166 1 .8 0  . . .  . 0 .0 8
167 1 .8 0  . . .  . 0 .0 9
168 3 . 6 0  . . . . 0 . 0 6
169 1 .50  . . .  . 0 .1 3
170 0 . 5 0  . . .  . 0 .0 6
171 1 .1 0  . . .  . 0 . 0 9
172 1 .6 0  . . .  . 0 .2 0
173 2 .2 0  . . .  . 0 . 3 3
174 1 .30  . . .  . 0 .4 4
175 1 .74  0 .4 2  . . . 0 . 0 8
176 3 .3 0  0 . 7 6  . . . 0 .1 4
177 2 . 5 0  . . .  . 0 .0 5
178 2 . 3 0  . . .  . 0 .0 5
179 1 .50  . . .  . 0 . 0 4
180 1 .1 0  . . .  . 0 . 0 4
181 1 .20  . . .  . 0 . 0 6
182 4 . 4 0  . . .  . 0 . 2 0
183 6 . 9 0  . . .  . 0 .1 7
184 1 .8 0  . . .  . 0 .0 5
185 2 . 2 0  0 .6 7  . . . 0 .1 3
186 2 .3 0  0 . 0 8  . . . 0 .1 7
187 1 .0 0  . . .  . 0 . 0 8
188 1 .0 0  . . .  . 0 . 0 9
189 1 .9 0  . . .  . 0 .1 5
190 2 . 1 0  . . .  . 0 .1 4
191 1.10  . . .  . 0 .22
192 0 . 9 0  . . .  . 0 . 1 0
193 1 .9 0  0 .71  . . . 0 . 0 9
194 1 .70  0 . 3 9  . . • 0. 11
195 2 .20  . . .  . 0 . 18
196 2 . 9 0  . . .  . 0 . 0 9
197 2 .5 0  . . .  • 0 . 0 8
198 1 .8 0  . . .  . 0 . 0 8
199 2 .10  . . .  . 0 . 0 6
200 2 .00  . . .  . 0 .10
110
OBS BOD5 ORG_N DKN TN02N03 DN02N03 TNH3NH4 DNH3NH4
201 1 .9 0  0 .6 3  . . . 0 .0 7
202 2 .3 0  0 . 3 7  . . . 0 . 1 8
203 1 .2 0  . . .  . 0 . 3 0
204 1 .4 0  . . . 0 . 0 8
205 1 .92  0 .7 4  . . . 0 . 0 6


























































0 .1 4 3
0 .1 4 4
0 .162
0 .5 9 8
0 .0 3 2
0 .0 6 5






0 .9 7 6
0 .2 3 9





0 .1 7 0
0 .010
0 .8 7 0






























6 . 4  























21 . 0  


















2 1 .0  
2 2 .0
•




27 .0  
•
2 4 .0  
•
26 .0
33 .0  
25 .2





















































P04 T_P04 D_P04 U_CHLA DO
• 0.011 • 11.0
• 0 .0 2 5 • 12 .6
• 0 .0 0 9 • •
• 0 .0 0 9 • 1 1 .4
0 .0 6 0 • • 6.1
0 .0 5 0 • • 6 . 4
0.110 m • 4 . 6
0 .0 8 0 « • 2 . 4
0 .0 9 0 • • 2 . 9
0 .110 m • 2 .8
0 .100 * • 3 . 2
0 .1 5 0 « • 3 . 4
0 .1 5 0 • • 3 . 4
0 .1 3 3 « • 9 .7
0 .0 5 8 « • 3 . 3
0 .0 8 0 • • 2 .2
0 .0 7 0 • • 2 . 7
0 .100 • • 1 .5
0 .0 7 0 • • 3 .8
0 .0 8 0 • • 4 . 3
0 .120 • • 3 . 0
0 .1 0 8 • • 1 .3
0 .0 6 8 • • 4 . 7
0.111 • • 1.2
0 .1 9 8 • • 4 . 6
0 .0 8 6 • • 2 .2
0 .0 7 8 • • 3 .4
0 .131 • • 0 .8
0 .0 6 2 • • 4 .1
0 .0 9 0 • • 2 .7
0 .1 4 0 • • 1.6
0 .1 5 5 • • 0 . 7
0 .0 6 2 • • 3 . 6
0 .2 3 8 • • 4 . 5
0.111 • • 1 .7
0 .081 • • 2 . 3
0 .0 5 6 • • 4 . 8
0 .1 3 7 • • 1.1
0 .0 5 0 • • 4 .1
0 .1 0 5 • • 2 .2
0 .2 4 2 • • 2 . 9
0 .0 9 3 • • 1 .9
0 .0 4 7 • • 4 .1
0 .0 6 5 • • 3 . 6
0 .100 • • 2 .5
0 .1 3 0 • • 1 .2
0 .1 4 3 • • 0 . 5
0 .1 6 0 • • 1 .3
0 .0 6 3 • • 3 .1
0.211 • • 4 . 0
DO PROBE
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OBS P04 T_P04 D_P04 U_CHLA DO DO_PROBE TEMP
101 . 0 .1 4 3  . 1 . 4  2 6 .5
102 . 0 .1 0 8  . . 2 . 0  . 2 5 .0
103 . 0 .0 4 5  . 3 . 7  2 6 . 0
104 . 0 .1 8 2  . 0 . 5  27 .0
105 . 0 .0 8 0  . 2 . 8  2 6 .5
106 . 0 . 1 5 0  . 0 . 4  2 7 .0
107 . 0 .0 4 8  . 2 .1  2 6 .5
108 . 0 .2 0 6  . . 2 . 8  . 28 .5
109 . 0 .1 5 7  . 1 .1  2 6 . 5
110 . 0 .1 2 4  . 1 .3  2 5 .0
111 . 0 .0 6 2  . 3 . 0  2 7 . 0
112 . 0 .1 6 3  . 1 .5  2 7 .0
113 . 0 . 0 9 0  . 4 . 7  2 3 .5
114 . 0 .1 4 0  . 1 . 4  2 5 .0
115 . 0 .1 0 6  . 1 .1  2 7 .0
116 . 0 .1 2 0  . 5 .1  25 .0
117 . 0 . 1 3 0  . 4 . 3  2 4 . 0
118 . 0 . 1 6 0  . 2 . 7  2 4 .0
119 . 0 .1 9 0  . 2 . 8  2 5 .0
120 . 0 .2 4 9  . 1 .3  28 .5
121 . 0 .0 8 2  . 3 . 6  2 6 .5
122 . 0 .0 8 0  3 . 8
123 . 0 .0 8 0  . 3 . 4  2 4 . 0
124 . 0 .1 6 0  . 2 . 0  2 4 .0
125 . 0 .1 5 0  . 2 . 5  2 5 . 0
126 . 0 . 1 8 0  . 1 .2  2 4 .5
127 . 0 .1 2 0  . 1 .6  2 7 . 0
128 . 0 .131  . 0 . 9  27 .0
129 . 0 .2 3 7  . 1 .3  2 7 .0
130 . 0 .1 5 4  . 1 .7  2 6 .0
131 . 0.101  . 3 . 3  2 7 .0
132 . 0 .1 2 5  . 2 . 6  27 .0
133 . 0 .0 5 0  . 6 . 2  2 3 .5
134 . 0 .1 9 3  . 1 .7  27 .0
135 . 0 .3 8 4  . 1 .9  2 7 . 0
136 . 0 . 1 2 6  . 2 . 9  2 7 .0
137 . 0 .3 9 7  . 2 . 9  2 7 .0
138 . 0 .2 1 0  . 5 . 5  28 .5
139 . 0 .0 6 3  . 6 . 0  2 6 . 0
140 . 0 . 0 4 0  . 7 . 0  23 .5
141 . 0 . 0 9 0  . 4 . 7  2 5 . 0
142 . 0 .351  . 4 . 9  2 7 .0
143 . 0 .0 4 0  . 6 . 7  2 4 . 0
144 . 0 . 0 6 0  . 7 . 0  24 .5
145 . 0 .0 8 0  . 6 . 3  2 5 .5
146 . 0 . 0 8 0  . . 6 . 3  . 2 4 .5
147 . 0 .0 7 0  . 8 . 2  2 5 . 0
148 . 0 .0 8 0  . 7 . 6  24 .5
149 • • 4 - 8  . 2 8 . 0




















































P04 T_P04 D_P04 U_CHLA DO DO_P
0 .0 6 0 • • 7.1
0 .0 5 0 • • 6 .8
0 .0 7 0 • • 6 . 3
0 .0 5 0 • • 7 .7
0 .0 6 0 • • 6 . 9
0 .0 6 0 • • 6 . 9
0 .0 3 0 • • 7 . 4
0 .0 4 0 • • 7 . 3
0 .0 4 0 • • 6 . 4
0 .0 4 0 • • 7 . 4
0 .0 7 0 • • 5 .2
0 .0 5 0 • • 6 .1
0 .0 6 6 • • 0
0 .0 4 0 • • 9 . 2
0 .0 5 0 • • 7 .3
0 .0 3 0 • • 9 . 2
0 .0 3 0 • • 8.1
0 .020 • • 0
0 .0 7 3 • • 5 . 5
0 .0 7 0 • 0 4 . 8
0 .0 6 0 • 0 6 .0
0 .1 7 0 • 0 3 . 6
0 .2 3 0 • 0 4 . 6
0 .0 6 0 • 0 6.1
0 .1 5 0 • 0 5 . 4
0 .0 7 9 • 0 5 .5
0 .0 6 0 • 0 3 .3
0 .0 4 0 • 0 4 . 4
0 .0 5 0 • 0 4 . 2
0 .0 5 0 • 0 5 . 6
0 .0 5 0 • 0 5 . 6
• • 0 0 7.
• • 0 0 6 .
• • 0 0 9.
0 .1 4 5 • 0 6.2
0 .0 6 4 • 0 6 . 3
0 .0 7 0 • 0 2 . 7
0 .7 0 0 • 0 5 . 0
0 .0 9 0 • 0 2 . 4
0 .1 5 0 • 0 3 . 0
0 .100 • 0 5 . 8
0 .0 8 0 • 0 5 . 0
0 .1 1 9 • 0 6 .6
0 .0 5 4 • 0 7 .1
0 .0 7 0 • 0 0
0 . 0 4 0





0 . 0 3 0 • 0 3 . 7
0 .0 6 0 • 0 4 . 0
0 . 0 5 0 • 0 3 . 8
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OBS P04 T_P04 D_P04 U_CHLA DO DO_PROBE TEMP
201 . 0 .1 1 0  . 7 . 3  2 8 .5
202 . 0 .0 5 9  . 5 . 5  25 .0
203 . 0 .0 8 0  . 3 . 3  2 5 . 0
204 . 0 . 0 7 0  . 3 . 6  25 .5
205 . 0 .1 2 3  . 8 . 2  2 8 .5
206 . 0 .0 6 0  . 6 . 5  25 .0
APPENDIX C
COMPUTER PROGRAM LISTINGS AND COMPUTATIONS
This  a p p e n d ix  c o n t a i n s  a l i s t i n g  o f  s e l e c t e d  co m p u te r  p rogram s  t h a t  
were  used  i n  t h e  s t a t i s t i c a l  a n a l y s i s  and model  d e v e lo p m e n t  d e s c r i b e d  i n  
t h e  body o f  t h i s  d i s s e r t a t i o n .  A l l  o f  t h e  p ro g ram s  w ere  w r i t t e n  f o r  u s e  
w i t h  t h e  S t a t i s t i c a l  A n a l y s i s  Sys tem (SAS) a s  i n s t a l l e d  on th e  L o u i s i a n a  




T h i s  p r o g r a m  p e r f o r m s  t w o  s e q u e n t i a l  i n f l u e n t i a l  o b s e r v a t i o n  a n a l y s e s  
u s i n g  TKN a s  t h e  i n d e p e n d e n t  v a r i a b l e .  The s t u d e n t i z e d  r e s i d u a l  i s  used  
a s  t h e  c r i t e r i a  f o r  o u t l i e r  i d e n t i f i c a t i o n .  A c r i t i c a l  v a l u e  o f  2.0 was 
u sed  a s  t h e  c u t o f f  p o i n t  f o r  t h i s  s t a t i s t i c .
//CEMERIP JOB ( 1 3 0 4 , 5 9 8 0 5 , 1 , 9 9 ) , 'DEAN MERICAS',NOTIFY=CEMERI,
/ /  MSGCLASS=S 
/*J0BPARM SHIFT=D 
/ / A  EXEC SAS
//STATES DD DSN=CEMERI.DEQ.INTENSE.DATA,DISP=SHR 
GOPTIONS DEVICE=BEN9215 VSIZE=6 HSIZE-9
COLORS=(BLACK1, BLACK2, BLACK3, BLACK4) ;
*
* INPUT THE DATA FROM DISK;
*
' DATA STREAM;INFILE STATES;
INPUT SEGMENT $ 1-4 SAMPLE $ 6-12 TIME $ DATE $ DEPTH DO TEMP COND 
BOD20S BOD20 TP TKN CHLA C_CHLA PHE0_A FLOW;
IF  C_CHLA=' . '  THEN DELETE;
IF C_CHLA LT 1 0 .0  THEN DELETE;
TITLE DEQ INTENSIVE SURVEY DATA;
TITLE2 CHLA GE 10 UG/L;
* •
9
* DO A REGRESSION WITH INFLUENCE STATS GENERATED;
* AND DISCARD ANY OBS WITH ABS(STUD. RESID) GT 2 . 0 ;
* •
9
PROC REG; MODEL BOD20=TKN/ INFLUENCE;
OUTPUT OUT=FIRST P=M0DEL RSTUDENT=RSTUD STUDENT= STUD;
DATA NEXT; SET FIRST;
IF ABS(RSTUD) GT 2 . 0  THEN FLAG='OUTLIER' ;
* 5
* SEPARATE THE OUTLIERS ;
* 5 
DATA DISCARDS; SET NEXT;
IF  FLAG NE 'OUTLIER' THEN DELETE;
DATA NEXT1; SET NEXT;
IF  FLAG='OUTLIER' THEN DELETE;
•Ig •
9
* REPEAT THE PROCESS A SECOND TIME;
* AND FLAG ANY OBS WITH ABS(STUD. RESID) GT 2 . 0 ;
4k *
w  9
PROC REG DATA=NEXT1; MODEL BOD20=TKN /  INFLUENCE;
OUTPUT OUT™SECOND P=MODEL RSTUDENT=RSTUD STUDENT=STUD;
DATA NEXT; SET SECOND;
IF ABS(RSTUD) GT 2 . 0  THEN FLAG™'OUTLIER' ;
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* SEPARATE THE OUTLIERS AND LIST ;
^  9
DATA FINAL; SET NEXT DISCARDS;
IF  FLAG NE 'OUTLIER' THEN DELETE;
PROC PRINT;
TITLE IDENTIFIED OUTLIERS;
DATA REMAIN; SET NEXT;
IF  FLAG “ 'OUTLIER' THEN DELETE;
* 5
* MERGE THE TWO DATA SETS ;
* 5 
DATA FULL; SET REMAIN FINAL;
IF  FLAG“ 'OUTLIER' THEN OTKN=TKN; ELSE OTKN=' . ' ;
IF FLAG='OUTLIER' THEN TKN=' . ' ;
^  9
* PLOT THE DATA POINTS;
W  9
TITLE ;
FOOTNOTE1 . H - 1 . 5  INTENSIVE SURVEY DATA: CHLA>10.0;
FOOTNOTE2 .H=1.5  OUTLIERS PLOTTED AS SQUARES;
PROC GPLOT; PLOT BOD20*TKN BOD20*OTKN /  OVERLAY VZERO HZERO; 
SYMBOL1 V=STAR C=BLACK2;
SYMBOL2 V“ SQUARE C=BLACK2;
LABEL BOD20 “  20 DAY BOD (MG/L)





T h i s  p r o g r a m  p e r f o r m s  a p i e c e w i s e  r e g r e s s i o n  u s i n g  TKN a s  t h e  
in d e p e n d e n t  v a r i a b l e  and 20 day BOD as  t h e  d e p e n d e n t  v a r i a b l e .  The model  
i s  s p e c i f i e d  a s  h a v i n g  two r e g i o n s  w i t h  an u n s p e c i f i e d  j o i n t .  C o n t i n u i t y  
a t  t h e  j o i n t  i s  n o t  i n s u r e d .
//CEMERIP JOB ( 1 3 0 4 , 5 9 8 0 5 , 3 , 9 9 ) , 'DEAN MERICAS' ,NOTIFY=CEMERI,
/ /  MSGCLASS=S 
/*JOBPARM SHIFT=D 
/ / A  EXEC SAS,REGION=2048K,TIME=3 
//STATES DD DSN=CEMERI.DEQ.INTENSE.DATA,DISP=SHR 
* •
* INPUT THE DATA FROM DISK;
* •>
DATA STREAM;INFILE STATES;
INPUT SEGMENT $ 1-4 SAMPLE $ 6-12  TIME $ DATE $ DEPTH DO TEMP COND
B0D20S BOD20 TP TKN CHLA C_CHLA PHE0_A FLOW;
IF C_CHLA=' . '  THEN DELETE; * CHLOROPHYLL CONSTRAINT;
IF C_CHLA LT 10 THEN DELETE;
*;
* DELETE EXTREME OBSERVATIONS AND OUTLIERS
*;
IF  (SEGMENT='0203') AND (SAMPLE='D2' )  THEN DELETE;
IF  TKN GT 29 THEN DELETE; * INSURANCE;
IF  ( SEGMENT3 ' 0 2 0 3 '  
IF  (SEGMENT=' 0 5 0 1 '  
IF  (SEGMENT®' 1 0 0 3 '  
IF  (SEGMENT®' 1 0 0 3 '  
IF  (SEGMENT='1016' 
IF  (SEGMENT='1023'  
IF  ( SEGMENT=' 0 8 1 5 '  
IF  ( SEGMENT®' 0 8 1 5 '  
IF  ( SEGMENT=' 0 8 1 5 '  
IF  ( SEGMENT®' 0 8 1 5 '  
IF  ( SEGMENT3 ' 0 4 0 4 '  
IF  (SEGMENT®' 0 4 0 4 '
IF  ( SEGMENT=' 0 4 0 4 '  
IF  ( SEGMENT=' 0 4 0 2 '  
IF  (SEGMENT®' 0 2 0 7 '  
IF  (SEGMENT®' 1 0 0 5 '
AND ( SAMPLE®'D3' )  THEN DELETE; 
AND ( SAMPLE®'D2') THEN DELETE; 
AND (SAMPLE='D2') THEN DELETE; 
AND ( SAMPLE®'D3') THEN DELETE; 
AND ( SAMPLE®'D2') THEN DELETE; 
AND ( SAMPLE®'OR4') THEN DELETE; 
AND ( SAMPLE®'TB2') THEN DELETE; 
AND ( SAMPLE®'TB3') THEN DELETE; 
AND ( SAMPLE®'TB4') THEN DELETE; 
AND ( SAMPLE®'TB4A') THEN DELETE; 
AND ( SAMPLE®'BYF2') THEN DELETE; 
AND ( SAMPLE®'BYF3') THEN DELETE;
AND ( SAMPLE®'BYF4') THEN DELETE; 
AND ( SAMPLE®'WC5') THEN DELETE; 
AND ( SAMPLE®'JP10') THEN DELETE; 
AND ( SAMPLE®'MN3') THEN DELETE;
TITLE1 DEQ SURVEY DATA FILTERED FOR C_CHLA < 0 .0 1 0  MG/L; 
TITLE2 OUTLIERS VALUES DELETED;




B l= 5 .0  TO 8 . 0  
B2=35.0 TO 5 5 . 0  BY 5 . 0  
B3=-5 .0  TO 5 . 0  
CUTOFF“4 . 0  TO 8 . 0  BY 0 . 5 ;








FOOTNOTE1 . H = l .5 INTENSIVE SURVEY DATA: CHLA>10.0;
PROC GPLOT; PLOT BOD20*TKN PBOD20*TKN /  VZERO HZERO; 
SYMBOL1 V=- C=BLACK2;
SYMBOL2 V=NONE I=SPLINE L=1 C=BLACK2;
LABEL BOD20 = 20 DAY BOD (MG/L)
TKN=TOTAL KJELDAHL NITROGEN (MG/L);
/ *
/ /
* <“LOWER REGION INTERCEPT
* <“LOWER REGION SLOPE
* OUPPER REGION INTERCEPT




WEIGHTED ZERO INTERCEPT REGRESSION
T h i s  p r o g r a m  p e r f o r m s  a w e i g h t e d  r e g r e s s i o n  o f  20 d a y  BOD a g a i n s t  TKN 
u s i n g  t h e  i n v e r s e  o f  TKN s q u a r e d  a s  t h e  v a r i a n c e  w e i g h t .  F i g u r e  7 was  
g e n e r a t e d  u s i n g  t h i s  program.
//CEMERIR JOB ( 1 3 0 4 , 5 9 8 0 5 , 1 , 9 9 ) , 'DEAN MERICAS' , NOTIFY=CEMERI,
/ /  MSGCLASS=S
/*J0BPARM SHIFT=D
/ / A  EXEC SAS,REGION=2048K,TIME=1
//STATES DD DSN=CEMERI.DEQ.INTENSE.DATA,DISP=SHR
GOPTIONS DEVICE=BEN9215 VSIZE=6 HSIZE®9
COLORS®(BLACK1, BLACK2, BLACK3, BLACK4) ;
* ;
* READ THE DATA FROM DISK;
* ;
DATA STREAM;INFILE STATES;
INPUT SEGMENT $ 1-4  SAMPLE $ 6-12 TIME $
BOD20S BOD20 TP TKN CHLA C_CHLA PHEO_A 
IF C_CHLA='. '  THEN DELETE;
IF  C_CHLA LT 10 THEN DELETE;
IF  TKN GT 6 .0 0 0  THEN DELETE; * LOWER REGION DEFINED;
TKN1=1/TKN; * WEIGHT;
TKNI2=TKNI**2; * ANOTHER WEIGHT;
* ;
*  DELETE EXTREME OBSERVATIONS AND OUTLIERS
DATE $ DEPTH DO TEMP COND 
FLOW;
* CHLOROPHYLL CONSTRAINT;
IF ( SEGMENT®' 0 2 0 3 ' AND
IF ( SEGMENT®' 0 2 0 3 ' AND
IF (SEGMENT=' 0 5 0 1 ' AND
IF (SEGMENT®' 1 0 0 3 ' AND
IF (SEGMENT®' 1 0 0 3 ' AND
IF (SEGMENT®' 1 0 1 6 ' AND
IF (SEGMENT®' 1 0 2 3 ' AND
IF (SEGMENT®' 0 8 1 5 ' AND
IF (SEGMENT®' 0 8 1 5 ' AND
IF (SEGMENT®' 0 8 1 5 ' AND
IF (SEGMENT®' 0 8 1 5 ' AND
IF (SEGMENT®' 0 4 0 4 ' AND
IF (SEGMENT®' 0 4 0 4 ' AND
IF (SEGMENT®' 0 4 0 4 ' AND
IF (SEGMENT®' 0 4 0 2 ' AND
IF (SEGMENT®' 0 2 0 7 ' AND
IF (SEGMENT®' 1 0 0 5 ' AND













: 'OR4' )  THEN DELETE; 
: ' T B 2 ' ) THEN DELETE;
= 'T B 3 ' )  THEN DELETE;
= 'T B 4 ' )  THEN DELETE;
= 'TB4A')  THEN DELETE;
: 'BYF2' )  THEN DELETE; 
='BYF3') THEN DELETE; 
: 'BYF4 ')  THEN DELETE; 
='WC5') THEN DELETE; 
= ' J P 1 0 ' )  THEN DELETE; 
='MN3') THEN DELETE; 
='BV11B') THEN DELETE;
TITLE1 DEQ SURVEY DATA FILTERED FOR C_CHLA < 10 .00  UG/L;
TITLE2 OUTLIERS VALUES DELETED AND TKN LT 6 . 0  (N=22 5 ) ;
TITLE3 WEIGHTED REGRESSIONS (W=1/TKN**2);
PROC SORT; BY TKN;






PLOT B0D20*TKN PBOD*TKN U_PBOD*TKN L_PBOD*TKN 
/  OVERLAY VZERO HZERO;
SYMBOL1 V=- C=BLACK2;
SYMBOL2 1=SPLINE L=1 C=BLACK3;
SYMBOL3 I-SPLINE L=3 C=BLACKl;
SYMBOL4 1=SPLINE L=3 C=BLACKl;
TITLE;
FOOTNOTE ,H=2 ZERO INTERCEPT WEIGHTED REGRESSION MODEL (W=1/TKN**2) 
FOOTNOTE2 .H=1.5 CHLA GT 10 UG/L AND TKN LT 6 . 0  (N=225);
/ *
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ANALYSIS OF COVARIANCE TO EXAMINE STATE DIFFERENCES
T h i s  p r o g r a m  p e r f o r m s  and  a n a l y s i s  o f  c o v a r i a n c e  u s i n g  S t a t e  a s  t h e  
c l a s s i f i c a t i o n  v a r i a b l e  a n d  TKN a s  t h e  c o v a r i a b l e .  The m o d e l  i s  
o v e r p a r a m e t i z e d  su ch  t h a t  t h e  e s t i m a t e s  a r e  o f  t h e  L o u i s i a n a  s l o p e  and 
t h e  d i f f e r e n c e s  be tween  t h e  o t h e r  s t a t e  s l o p e s  and L o u i s i a n a .
//CEMERIC JOB ( 1 3 0 4 , 5 9 8 0 5 , 1 , 1 0 ) , 'DEAN MERICAS' , NOTIFY=CEMERI,
/ /  MSGCLASS=S,CLASS=A 
/★JOBPARM SHIFT=D 
/ / STEP1 EXEC SAS
//BULK DD DSN=CEMERI. STORET. DATA,DISP=OLD 
//LADEQ DD DSN=CEMERI.DEQ.INTENSE.DATA,DISP=SHR 
*;
* INPUT LA DEQ DATA FROM DISK;
* ;
DATA DEQ;INFILE LADEQ;
INPUT SEGMENT $ 1-4 SAMPLE $ 6-12  TIME $ DATE $ DEPTH DO TEMP COND 
BOD20S BOD20 TP TKN CHLA C_CHLA PHEO_A FLOW;
IF C_CHLA=' . '  THEN DELETE; * CHLOROPHYLL CONSTRAINT;
IF  C_CHLA LT 10 THEN DELETE;
IF  TKN GT 6 .0 0  THEN DELETE; * TKN LIMIT;
TKN12=1/TKN**2; * WEIGHT;
*;
* DELETE EXTREME OBSERVATIONS AND OUTLIERS;
IF  ( SEGMENT®' 0 2 0 3 '  
IF  (SEGMENT®' 0 2 0 3 '  
IF  (SEGMENT®' 0 5 0 1 '  
IF  (SEGMENT®' 1 0 0 3 '
IF  (SEGMENT® 
IF  (SEGMENT® 
IF (SEGMENT® 
IF  (SEGMENT® 
IF  (SEGMENT® 
IF  (SEGMENT® 
IF  (SEGMENT® 
IF  (SEGMENT® 
IF  (SEGMENT® 
IF  (SEGMENT® 
IF  (SEGMENT® 
IF  (SEGMENT® 
IF  (SEGMENT® 
IF  (SEGMENT® 
STATE®'ZLA'; 
DROP SEGMENT
' 1 0 0 3 '  
' 1 0 1 6 '  
' 1 0 2 3 '  
' 0 8 1 5 '  
' 0 8 1 5 '  
' 0 8 1 5 '  
' 0 8 1 5 '  
'0404  '  
' 0 4 0 4 '  
' 0 4 0 4 '  
' 0 4 0 2 '  
' 0 2 0 7 '  
' 1 0 0 5 '  
' 0 4 1 8 '
AND ( SAMPLE®'D2') THEN DELETE; 
AND ( SAMPLE®'D3') THEN DELETE; 
AND ( SAMPLE®'D2') THEN DELETE; 















' D 3 ' ) THEN DELETE;
■ 'D 2 ' )  THEN DELETE; 
:'O R 4 ')  THEN DELETE; 
:'TB2' )  THEN DELETE; 
:'T B 3 ' )  THEN DELETE; 
;'T B 4 ' )  THEN DELETE; 
:'TB4A')  THEN DELETE;
;'BYF2' )  THEN DELETE; 
:'B Y F3 ' ) THEN DELETE;
: 'BYF4' )  THEN DELETE; 
:'WC5') THEN DELETE; 
= ' J P 1 0 ' )  THEN DELETE; 
!'MN3') THEN DELETE; 
;'BV11B') THEN DELETE;
SAMPLE TIME DEPTH DO COND BOD20S CHLA;
INPUT STORET DATA FROM DISK;
DATA STORET;INFILE BULK;
INPUT
STATION $ 1-15 @16 DAIT YYMMDD6 . HOUR 22-23  MINUTE 24-25 ST_CODE 26-27
@29 BOD20 7 . 2  @36 BOD5 7 . 2  @43 C_CHLA_F 7 .1  @50 U_CHLA 7 .1
@57 C_CHLA_S 7 .1  @64 CHLA 7 .1  @71 DO 7.1 @78 DO_PROBE 7 .1
@85 TN 7 .2  @92 ORG_N 7 .3  @99 DKN 7 . 2  @106 TKN 7 .2
@113 TOKN 7 .2  @120 TN02N03 7 .3  @127 DN02N03 7 . 3  @134 DNH3NH4 7 .3
@141 TNH3NH4 7 . 3  @148 P04 7 .3  @155 TP 7 . 3  @162 D_P04 7 . 3
@170 T_P04 5 . 3  @176 TEMP 4 . 1 ;
IF  BOD20<BOD5 THEN DELETE;
IF  BOD20C0.001 THEN DELETE;
FORMAT DAIT YYMMDD6 . ;
MUNTH=MONTH(DAIT) ;
IF  (MUNTH LT 5) OR (MUNTH GT 9) THEN DELETE; * Warm s e a s o n  d a t a  o n ly ;  
IF  ( C_CHLA_S=' . ' )  AND ( C_CHLA_F=' .  '  ) THEN DELETE;
IF  ( C_CHLA_S<1 0 . 0 )  AND (C_CHLA_F<10.0) THEN DELETE;
IF  TKN GT 6 . 0  THEN DELETE; * TKN LIMIT;
TKNI2=1/TKN**2; * WEIGHT;
* ;
* REMOVE OUTLIERS AND INFLUENTIAL OBSERVATIONS;
*;
IF  (ST_CODE='27') AND (BOD20=16.00) AND (TKN=6.63) THEN DELETE;
IF  ( ST_CODE=' 2 7 ' )  AND (BOD20=13.00) AND (TKN=9.30) THEN DELETE;
IF  (ST_CODE='36')  AND (BOD20=4.000) AND (TKN=5.89) THEN DELETE;
IF  (ST_CODE='39') AND (BOD20=44.00) AND (TKN=3.60) THEN DELETE;
IF  (ST_CODE='39') AND (BOD20=11 6 .0 )  AND (TKN=11.0) THEN DELETE;
IF  ( ST_CODE='3 9  '  ) AND (BOD20=23.00) AND (TKN=7.70) THEN DELETE;
IF  (ST_CODE='39' )  AND (BOD20=60.00) AND (TKN=6.80) THEN DELETE;
DROP STATION HOUR MINUTE BOD5 U_CHLA CHLA DO DO_PROBE ORG_N DKN TOKN 
TN02N03 DN02N03 DNH3NH4 P04 D_P04 T_P04;
* ;
* IDENTIFY THE STATES OF INTEREST;
*;
IF  ST_CODE=' .  '  THEN STATE55'NO NAME';
IF  ST_CODE=l0 THEN STATE='DE';
IF  ST_CODE=27 THEN STATE='MN' ;
IF  ST_CODE=39 THEN STATE55 'OH' ;
IF  ST_CODE=42 THEN STATE55' P A ' ;
IF  STATE®' . '  THEN DELETE;
DATA ALLDATA; SET DEQ STORET;
* FULLY FILTERED DATA -  STATE AS A CATAGORICAL VARIABLE;
PROC GLM; CLASSES STATE;
MODEL BOD20=TKN STATE*TKN /  NOINT SOLUTION E; WEIGHT TKNI2; 
TITLE1 DEQ AND STORET DATA SETS;
TITLE2 FILTERED FOR CHLA, OUTLIERS REMOVED, CLASSED BY STATE (N GT 1 5 ) ;  
TITLE3 ANALYSIS OF COVARIANCE WITH WEIGHTED VARIANCE;
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NOMOGRAPH GENERATION 
The p r o b a b i l i t y  o f  e x c e e d i n g  a n y  g i v e n  BOD l e v e l  a t  a n y  g i v e n  TKN 
c o n c e n t r a t i o n  i s  c a l c u l a t e d  b y  i n t e g r a t i n g  t h e  p r e d i c t e d  BOD 
d i s t r i b u t i o n  b e tw e e n  t h e  c r i t i c a l  BOD v a l u e  and p o s i t i v e  i n f i n i t y :
f:
ao
R is k  o f  I
Exceedence  = f ( S E p V2F  ) ” * E x p [ - 0 . 5  ( ( x  -  BODp )/SEp ) ]
BODc
where SEp = S t a n d a r d  e r r o r  o f  t h e  p r e d i c t e d  o b s e r v a t i o n  (mg/1) 
BODc = C r i t i c a l  BOD l e v e l  (mg/1)  
x -  BOD (mg/1)
BODp = Mean p r e d i c t e d  BOD a t  t h e  g iv e n  TKN l e v e l  (mg/1)
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The f o l l o w i n g  p r o g r a m  g e n e r a t e s  t h e  p r o b a b i l i s t i c  c r i t e r i a  m o d e l  
n o m o g r a p h  a s  p r e s e n t e d  i n  F i g u r e  10 o f  t h e  t e x t  by f i t t i n g  a w e i g h t e d  
r e g r e s s i o n  model  and o u t p u t i n g  t h e  mean p r e d i c t e d  BOD and e r r o r  t e rm s  
f o r  e a c h  o b s e r v e d  TKN v a l u e .  The above i n t e g r a t i o n  i s  t h e n  p e r fo rm e d  f o r  
a  r a n g e  o f  BOD s t a n d a r d  v a l u e s  from 5 t o  40 mg/1 t o  o b t a i n  t h e  p r e d i c t e d  
r i s k s  o f  e x c e ed en ce .
//CEMERIN JOB ( 1 3 0 4 , 5 9 8 0 5 , 1 , 9 5 ) , 'DEAN MERICAS',NOTIFY=CEMERI, 
/ /  MSGCLASS=S 
/*JOBPARM SHIFT=D 
/ / A  EXEC SAS
//STATES DD DSN=CEMERI.DEQ.INTENSE.DATA,DISP=SHR 
OPTIONS PAGESIZE-60;
GOPTIONS DEVICE=BEN9215 VSIZE=7 HSIZE=9 
COLORS-( BLACK1 , BLACK2, BLACK3, BLACK4) ;
*;
* INPUT DATA FROM DISK;
*;
DATA STREAM;INFILE STATES;
INPUT SEGMENT $ 1-4  SAMPLE $ 6-12 TIME $
BOD20S B0D20 TP TKN CHLA C_CHLA PHEO_A 
IF  C_CHLA=' . '  THEN DELETE;
IF  C_CHLA LT 10 THEN DELETE;
IF  TKN GT 6 . 0  THEN DELETE;
TKNI2=1/TKN**2;
DATE $ DEPTH DO TEMP COND 
FLOW;
* CHLOROPHYLL CONSTRAINT;
* DEFINE LOWER REGION;
* VARIANCE WEIGHT;
*5
DELETE EXTREME OBSERVATIONS AND OUTLIERS
IF  ( SEGMENT=' 0 2 0 3 ' )  AND ( SAMPLE3 ' D 2 ' )  THEN DELETE; 
IF  TKN GT 29 THEN DELETE; * INSURANCE;
IF  (SEGMENT='0203' 
IF  (SEGMENT=' 0 5 0 1 '  
IF  (SEGMENT3 ' 1 0 0 3 '  
IF  (SEGMENT3 ' 1003 '  
IF  (SEGMENT3 ' 1 0 1 6 '  
IF  (SEGMENT3 ' 1 0 2 3 '  
IF  (SEGMENT3 ' 0 8 1 5 '  
IF  (SEGMENT3 ' 0 8 1 5 '  
IF  (SEGMENT3 ' 0 8 1 5 '  
IF  (SEGMENT3 ' 0 8 1 5 '  
IF  (SEGMENT3 ' 0 4 0 4 '  
IF  (SEGMENT3 ' 0 4 0 4 '  
IF  (SEGMENT3 ' 0 4 0 4 '  
IF  (SEGMENT3 ' 0 4 0 2 '  
IF  (SEGMENT3 ' 0 2 0 7 '  
IF  (SEGMENT3 ' 1 0 0 5 '  
IF  (SEGMENT3 ' 0 4 1 8 '
AND ( SAMPLE3 ' D 3 ' )  THEN DELETE; 
AND ( SAMPLE3 ' D 2 ' )  THEN DELETE; 
AND ( SAMPLE3 ' D 2 ' )  THEN DELETE; 
AND ( SAMPLE3 'D3 ' )  THEN DELETE; 
AND ( SAMPLE3 ' D 2 ' )  THEN DELETE; 
AND ( SAMPLE3 ' 0 R 4 ' )  THEN DELETE; 
AND ( SAMPLE3 'T B 2 ' )  THEN DELETE; 
AND ( SAMPLE3 'T B 3 ' )  THEN DELETE; 
AND ( SAMPLE3 'T B 4 ' )  THEN DELETE; 
AND ( SAMPLE3 'TB4A')  THEN DELETE; 
AND ( SAMPLE3 'BYF2 ')  THEN DELETE; 
AND ( SAMPLE3 'BYF3' )  THEN DELETE; 
AND ( SAMPLE3 'BYF4 ')  THEN DELETE; 
AND ( SAMPLE3 'WC5') THEN DELETE; 
AND ( SAMPLE3 ' J P 1 0 ' )  THEN DELETE; 
AND ( SAMPLE3 'MN3') THEN DELETE; 
AND ( SAMPLE3 'BV1IB ')  THEN DELETE;
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TITLE INTENSIVE SURVEY DATA: CHLAMO.O, TKN LE 6 . 0 0 ;
TITLE2 OUTLIERS ELIMINATED (N=225);
PROC SORT; BY TKN;
* PERFORM A WEIGHTED REGRESSION AND OUTPUT THE RESULTS;
*;
PROC REG; MODEL BOD20=TKN/P R NOINT; WEIGHT TKNI2;
OUTPUT OUT=RESULTS P=BOD_HAT R=RESID STDP=PRE_ERR STDR=SQRT_MSE;
DATA NOMOGRAF; SET RESULTS;
*;
* PREDICTED OBSERVATION ERROR = ERROR IN THE PREDICTED MEAN
* + ERROR IN THE OBSERVATIONS ABOUT THE MEAN;
E_PDCT= SQRT ( ( PREJERR**2.0  )+( SQRT_MSE**2.0  ) ) ;
* ;
* CALCULATE THE AREA UNDER THE NORMAL DISTRIBUTION THAT;
* IS  ABOVE THE VARIOUS BOD STANDARD VALUES;
*;
EXED5=1-PROBNORM(( 5 -BOD_HAT) / (E PDCT)) ;
EXEDl0=1-PROBNORMC( 10-BOD_HAT)/Te_PDCT));
EXEDl5=1-PROBNORM(( 1 5-BOD_HAT) / (E_PDCT) )  
EXED20=1-PROBNORM((20-BOD_HAT)/(E_PDCT))
EXED25=1-PROBNORMC C25-BOD_HAT)/CEJPDCT))
EXED3C=1-PROBNORMC( 30-BOD_HAT) / (E_PDCT)) 
EXED35=l-PROBNORM((35-BOD_HAT)/(E_PDCT))
EXED40=1-PROBNORMC(40-BOD HAT) / (E P D C T ) )
*;





FOOTNOTE .F=TRIPLEX .H=2 BOD20 LEVELS:.F=
TRIPLEX 5 ,  10,  15, 20 ,  25 ,  30 ,  35 & 40 MG/L;
FOOTNOTE2 .H=l LA DEQ DATA -  WEIGHTED REGRESSION (1/TKN**2);
PROC GPLOT; PLOT EXED5*TKN EXEDl0*TKN EXEDl5*TKN
EXED20*TKN EXED25*TKN EXED30*TKN EXED35*TKN EXED40*TKN /OVERLAY 
HREF=1 2 3 4 5 6 LH=2 CH=BLACK1 
VREF=.l . 2  . 4  .6  .8  1 . 0  LV=2 CV=BLACK1;
LABEL EXED5=PROBABILITY OF EXCEEDENCE TKN=MG/L KJELDAHL NITROGEN; 
SYMBOL1 V=NONE L=1 I=SPLINE;
SYMBOL2 V=NONE L=4 I=SPLINE;
SYMBOL3 V=NONE L=1 I=SPLINE;
SYMBOL4 V=NONE L=4 I=SPLINE;
SYMBOL5 V=NONE L=1 I=SPLINE;
SYMBOL6 V=NONE L=4 I=SPLINE;
SYMBOL7 V=NONE L=1 I=SPLINE;
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